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Abstract 
A key theoretical principle of developmental psychology is that the response of individuals to 
developmental experiences can vary. This principle is exemplified in theoretical models of 
individual × environment interactions, including diathesis stress, differential susceptivity 
(biological sensitivity to context), and vantage sensitivity.  
Despite a theoretical underpinning and growing empirical base, there is considerable variability in 
evidence for these theoretical interactions and the literature has not always delivered well with 
definitive findings towards the provision of evidence-based interventions tailored to meet the needs 
of individual children.  
This thesis has therefore focused on understanding and bridging the gap between theory and 
evidence for specific individual × environment explanatory models of child behavioural outcomes. 
It examined the theory and evidence for moderation of parenting effects by child reactivity using a 
strategy of targeted review and empirical analysis. The thesis aimed to 1) systematically analyse the 
current literature to identify any patterns in the use of measurement and methods of analysis that 
might direct future research into individual × environment models. And, 2) conduct analyses using 
existing data (Longitudinal Study of Australian Children, Family Life Project) to explore effects of 
different measurements on individual × environment models; systematically examining effects of 
different measures of parenting, behavioural outcomes, and reactivity. A diagrammatic outline of 
the thesis is provided in Figure 1. 
Findings from both the systematic review and empirical analyses revealed that the gap between 
theory and evidence is extensive. A review of 542 individual × parenting interactions found that 86 
were described as statistically reliable. However, within- and between-studies, these reliable 
interactions inconsistently supported different theoretical models and sporadically varied with 
measures of parenting, behaviour, and individual characteristics.  
Two empirical analysis chapters confirmed these inconsistencies. The first empirical study 
examined the interaction between parent-reported parenting (warmth and harshness) and parent-
reported temperament (persistence, introversion, reactivity, difficult composite) predicting parent 
and teacher reported behavioural outcomes (internalizing, externalizing, pro-social) in a 
longitudinal sample of 1289 Australian children at ages 4 and 6, and across ages 4, 6, and 8. By 
transparently examining the full matrix of analytical decisions, the results showed that 13 (2.5%) of 
512 interactions were statistically reliable and that temperament moderated the effects of parenting 
on behaviour. However, these reliable interactions did not consistently support a theoretical model 
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and varied with measures of parenting, temperament, and behaviour, the age of the child, and the 
reporter of behaviour.  
The second empirical chapter extended this analysis by considering four additional measurements 
and examining an additional data set of children from the United States of America. Specifically, 
the analysis examined interactions between parent-reported parenting at 2 years (warmth, hostile) 
and parent-reported temperament at 1 year (approach, cooperation, irritability, difficult composite) 
predicting parent reported behaviour at 4 years (internalizing, externalizing, pro-social) using a 
longitudinal sample of 3062 Australian children. Additionally, the analysis explored interactions 
between observed parenting at 15 months and 2 years (sensitive composite, negative-intrusive 
composite, positive regard, negative regard, sensitivity, animation, stimulation, detachment, 
intrusiveness) and parent-reported temperament at 6 months (fear, distress to limitations, falling 
reactivity, negative affectivity composite, duration of orienting, approach) predicting parent 
reported behaviour at 3 years (social and emotional competence, internalizing, externalizing, pro-
social) using a longitudinal sample of 1093 children from the United States of America. Utilising a 
transparent analytical approach, the results found 2 (3%) of 64 interactions were statistically reliable 
in the Australian sample, whilst there were no statistically reliable interactions (of 1620) in the 
sample from the United States of America. As with the earlier chapter, the two statistically reliable 
interactions supported different theoretical models and there was no consistency in interaction 
effects across measures of temperament, behaviour, or parenting. Thus, in total, these results and 
the systematic review demonstrate that theory and evidence do not consistently align for individual 
× environment models of development.  
To better align theory and evidence for individual × environment models, the thesis concludes with 
several suggestions for future research and an integrative discussion of the results. Suggestions for 
future research include a detailed focus on measurement, extensive validation and exploration of 
analytical decisions, the use of optimum and more causal research designs to elucidate interaction 
effects, the use of simulation studies to understand the implications of design, and critically 
assessing and accurately portraying results. 
Individual × environment interactions remain a key principle of developmental psychology. Though 
this thesis has demonstrated a gap between theory and evidence, improvement in research design 
and measurement may align theory with evidence and yield insights that can assist the behavioural 
development of children.  
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Figure 1: Outline of thesis structure. 
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Preface 
In 2015, I started a doctorate investigating how global climate change would shift the distribution of 
marine biological diversity.  
Four years later, I am presenting a thesis in developmental psychology, not marine biology. My 
doctoral project clearly has not followed a linear trajectory. While it comes as some surprise to 
present the current thesis, that investigates the theory-evidence gap for individual × environment 
models in child development, the underlying principles of individual variation in response to the 
environment underpins my starting point.  
Originally, the current thesis was inspired by the idea of resilience. I wanted to know why some 
children were unaffected by adversity whilst others succumbed and had developmentally poor 
trajectories. With access to large longitudinal data and the support of Mark Western and Michele 
Haynes to transfer to the Institute for Social Science Research, I aimed to identify the factors 
associated with diverging behavioural development in the face of adversity.  
After two years and the writing of several chapters, I visited the renowned Institute of Child 
Development, University of Minnesota. I presented my research to prominent child development 
researchers (primarily Ann Masten, Megan Gunnar, and Daniel Berry) and absorbed as much 
knowledge as I could. The experience left me inspired and motivated. Indeed, I decided to re-write 
the entire thesis. 
Fortuitously, I gained a greater understanding of resilience and picked up the latest differential 
susceptibility and individual differences literature on the research visit. Even better, returning to 
Australia coincided with Karen Thorpe joining the Institute for Social Science Research. Karen had 
published on the differential susceptibility and was happy to join my supervisory team as a 
substantive expert. 
With a more nuanced approach to the topic area, I began further exploration of individual × 
environment models of child development. I reviewed the literature and learned the latest statistical 
criteria. Ultimately, I found diverging results and not the clear convergence of findings I had 
anticipated. My challenge became explaining the gap between a well-established biological theory 
and its application in individual × environment models of child development. 
Initially, I thought the gap may have been from differences in the measurement approach between 
studies. Thus, I set out to evaluate how different types of measurement (genetic, endophenotypic, 
phenotypic, survey methods, and observation methods) might explain the theory-evidence gap. My 
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focus in the systematic review and empirical chapters in this thesis are, therefore, is very much on 
different types of measurement. 
The learning from this thesis, extended upon in the final chapters, is that it seems more likely that 
the theory-evidence gap is due to more foundational issues than those pertaining to measurement. 
Indeed, low power to detect interaction effects and validity and reliability of measurement are likely 
explanations for the gap between theory and evidence. In hindsight, I would have liked to follow the 
recommendations for future research I make in the final chapters – to focus on the validation and 
reliability of measurement, the adequacy (power) of existing literature to detect interactions, and 
undertaken empirical analysis with (more-) optimum samples. 
Thus, this work has been a journey of discovery and learning. I am excited to start the next chapter 
and continue working towards bridging the gap between theory and evidence for individual × 
environment models of child development.  
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Chapter 1: The research problem 
1.1 The significance of understanding the effects of the environment on child development 
Optimal developmental outcomes for children are in the interests of the child, their family and the 
nation’s economy (Black et al. 2017). The Australian government specifically expresses this goal 
asserting that every student in Australia should have the [learning environment] they need to be the 
best they can be (https://www.education.gov.au/quality-schools-package, 29/05/2018). Likewise, 
most parents aim to provide their child with an environment that allows them to achieve their 
potential. This aim is mapped in public and private investment. Education programs represent a 
significant investment for governments and families. In the 2016–2017 financial year, Australian 
governments spent 91.271 billion dollars (AU) on education (Australian Bureau of Statistics 
2018a). Alongside, Australian parents invested their time (e.g., >7 hours on average per day caring 
for children aged 0-2; Craig & Bittman 2008) and a significant proportion of their income (13% to 
19% of family income for 1 child, 30% to 44% for 4 children; Henman et al. 2007) in supporting 
the health, learning and developmental experiences of their children.  
A key focus for parents and policymakers, therefore, is understanding how the allocation of finite 
financial and personal resources might best support each child’s development. This thesis sets out to 
test key theories or models of the effect of the environment on children’s development. The focus is 
on understanding how neurological reactivity and its impact on the response of children to early 
care environments might guide optimal resource distribution to improve behavioural outcomes. 
1.2 Models of the effect of the environment on child development 
An early and basic model that guided, and continues to guide, investments in the learning and 
parenting environment to improve child development is presented in Figure 1.1a. This model 
proposes that as the quality of the environment improves, the average outcomes for children also 
improve in a uniform, linear manner. It reflects the theoretical model that child developmental 
vulnerabilities and advantages are caused by the exposure to risky and nurturing environments, 
respectively (Bronfenbrenner & Morris 2006). 
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Figure 1.1: a) Linear effect of environmental quality on behavioural and academic outcomes. b) 
Linear relationship between neighbourhood socioeconomic status and mother reported behavioural 
outcomes (Strength and Difficulties Questionnaire; Goodman 1997) of 1238 children from the 
Longitudinal Study of Australian Children at age 4. 
Although this model continues to guide policy and parental investments (e.g., sending a child to a 
high-performing or fee-paying Australian school will improve academic outcomes; Angus 2015; 
Smyth 2016; Vincent 2017) the match between investment and outcome can be relatively weak in 
predictive models (<10% of variance in academic achievement and externalizing and internalizing 
behaviour explained by parenting on average; Pinquart 2016a, 2016b, 2017). Figure 1.1b, illustrates 
this by comparing socio-economic status (higher indicates more resources) to behavioural 
difficulties (lower is better). There is clearly much variation in child outcomes not explained by 
variation in the socio-economic environment.  
The weak association of environmental variation with child outcome may be explained in three 
ways. One explanation is that environments are inaccurately or poorly measured thus missing or 
minimising the full impact. A second is that characteristics of the children cause the developmental 
outcome irrespective of the quality of the chosen environment that was measured. In other words, 
vulnerabilities and advantages may be due to characteristics within the child, such as genetic and 
phenotypic traits. Finally, the third and more comprehensive view is that the poor average gains 
reflect differential response to a standard environment. A detailed field of scientific inquiry suggests 
that the environment can affect individual children differently than a uniform average trend line 
might suggest. In terms of policy or practice effects, the fit of the environment to individual 
children becomes critical. 
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1.3 What is individual variation to the environment? 
Individual difference in response to a standard environment may occur when characteristics of the 
individual influence whether they are more or less sensitive to that environment and for more 
sensitive individuals the influence exerted on developmental outcomes is greater. This represents 
the theoretical model that vulnerabilities and advantages in child development are the outcome of 
child characteristics interacting with the environment. Studies of children provide empirical 
evidence that genetic, endophenotypic and phenotypic characteristics of children can moderate the 
influence of the environment on development (Boyce 2016). These studies document that children 
who have genetic, endophenotypic or phenotypic characteristics associated with higher neural 
reactivity are those more sensitive, or susceptible, to qualities of the environment and that variation 
in these qualities will have greater effect on developmental outcome for these individuals. Such 
findings have generated an ongoing set of hypotheses about the effect of individual × environment 
interactions on developmental outcomes. These hypotheses and the ways they are tested are the 
focus of the current thesis. 
1.4 How does individual variation to the environment influence child development outcomes? 
Social scientists have generally proposed three main models to explain the association of individual 
variation to the environment and child development outcomes. One focusses on “risk”, one on 
“vantage” and the third on susceptibility to the environment indexed by “reactivity”. Respectively, 
these models are termed diathesis stress (DA), vantage sensitivity (VS) and differential 
susceptibility (DS) and are illustrated in Figure 1.2. Note that each of these models has a ‘strong’ 
and ‘weak’ form (Belsky et al. 2013). In the strong form, the environment only has an effect 
conditional on sensitivity. That is, there is negligible effect of the measured environmental quality 
on non-sensitive individuals. The weak form of these models proposes environmental quality 
affects sensitive and non-sensitive individuals, but the environment affects sensitive individuals 
disproportionately more. Additionally, whilst biological or social circumstances experienced by an 
individual can moderate the effect of the environment, such as exposure to perinatal risk 
environments or neighbourhood dis/advantage, the focus in this thesis is on characteristics of the 
individual that index their endogenous neurological reactivity and behaviour.  
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Figure 1.2: Four hypotheses for sensitivity to the environment in strong and weak forms: a) 
uniform, b) diathesis stress, c) vantage sensitivity, and d) differential susceptibility. Children 
sensitive to the environment are the dashed, red line. Although outcomes are on the y-axis, in 
practice these models are generally comparisons of the slope of the environment. Figure adapted 
from Pluess & Belsky (2013) and Ellis et al. (2011).  
Risk based models are the most dominant model familiar to social scientists (Figure 1.2b1, 1.2b2). 
Multiple studies observed that some children have individual characteristics associated with 
vulnerability to developmentally poor environments. This model has variously been explained as 
diathesis-stress (Gottesman & Shields 1973; Monroe & Simons 1991; Zuckerman 1999), 
transactional/dual-risk (Sameroff 1983) and cumulative-risk (Rutter 1981; Evans et al. 2013), and 
suggests that the characteristics of some children cause their developmental path to negatively 
deviate from less-vulnerable peers when environmental conditions are poor.  
Vantage sensitivity (Figure 1.2c) is a recently proposed mirror image to the diathesis stress 
hypothesis and aims to explain how some children possess characteristics associated with an 
advantage in positive environments (Manuck 2011; Pluess & Belsky 2013; Sweitzer et al. 2013). 
Specifically, it implies vantage-sensitive children benefit more from positive environments than 
vantage-insensitive counterparts, yet reductions in environmental quality do not cause vantage-
sensitive individuals to underperform. 
The third model is differential susceptibility (Figure 1.2d) and proposes variation associated with 
both poorer and superior environmental experiences. That is, susceptible children are hypothesised 
to possess characteristics that make them both more vulnerable to negative environments and more 
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vantage-sensitive to positive environments (Belsky 1997, 2005; Belsky & Pluess 2009). Such bi-
directional reactivity has also been termed biological sensitivity to context (Boyce et al., 1995; 
Boyce & Ellis 2005) and sensory processing sensitivity (Aron & Aron 1997; Aron et al. 2012). In 
these models, susceptible, or sensitive, children are associated with better outcomes in 
developmentally rich environments and worse outcomes in developmentally poor environments. 
Testing the various hypotheses of individual × environment interactions, however, can only be 
theoretically meaningful if measurement can distinguish sensitive (responsive) and non-sensitive 
(non-responsive) individuals and measurement of the environment is sufficiently sensitive (Mitchell 
et al. 2013). It is important, therefore, to evaluate how measurement quality and type may influence 
support for these hypotheses. 
1.5 Testing the theories of individual difference in reaction to environment: measurement of 
reactivity and statistical modelling   
When it comes to evaluating the theories of individual difference to the environment a broad range 
of measurements have been used. Specific measures are provided in more detail in chapter 2, but it 
suffices to say that studies have examined genetic variability (e.g., polymorphisms in genes that 
affect neurotransmitter systems), endophenotypic variability (biological markers easier to detect 
than genetic sequences, such as heart rate variability and cortisol) and phenotypic variability 
(observable characteristics of an individual, such as temperament) in search of mechanisms of 
reactivity or sensitivity (Boyce 2016). These studies then primarily examine how mechanisms of 
reactivity moderate the effect of a range of parental and nonparental care environments on the 
behaviour of children and other child development outcomes. Specified in more detail in chapter 2, 
the aspects of the parental care environments that are measured varies between studies and can 
rarely be considered truly comparable. These environments range from deprivation (e.g., neglect 
and hostility) to daily experiences of environmental support (e.g., the home learning environment) 
and are measured using surveys or in situ observation. Behavioural measurements also differ 
between studies and use constructs such as externalising behaviours, internalising behaviours, social 
and emotional competence or a combination of these. Behaviours are primarily assessed via surveys 
and in some cases observations. Overall, measurement variability is a defining feature of this 
literature. 
One potential consequence of this measurement variability is a divergence of findings. A recent 
review by Rabinowitz & Drabick (2017) clearly documents such divergence. Using a set of 
evaluative criteria approximating the state-of-the-art (Roisman et al. 2012; Widaman et al. 2012), 
they examined 27 empirical studies and 75 interactions that tested models of individual variation to 
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the effects of the parenting environment on behavioural development. They report that 38 (51%) 
interactions found evidence for diathesis stress, 33 (44%) found evidence for differential 
susceptibility and 5 (6%) found evidence for vantage sensitivity. These numbers are somewhat 
optimistic, however, as nearly all 27 studies reported a higher proportion of statistically uncertain 
interactions not included in the evaluation (Rabinowitz & Drabick 2017). Moreover, the review also 
showed that there is much measurement variability between studies. Nearly all studies used a 
different measure of reactivity, a different measure of parenting, and a different outcome. There 
were some exceptions – e.g., similar parenting, behaviour, or reactivity measure – but few studies 
used identical measures across samples. Thus, the review demonstrated that there is much 
variability in the measurements used and, as a result, evidence for the three hypotheses is yet to 
converge. 
Assessing the model of, and evidence for, individual variation to the environment for child 
development outcomes is challenging due to the inherent complexity of social systems and 
consequent measurement limitations which reduce the ability to robustly infer the nature of 
individual variation to the environment across studies that differ in methodological components. 
The extent of non-convergence in evidence for the theories of individual variation to the 
environment leaves much room for further exploration of the theoretical model of individual 
variation in response to environment and identification of the circumstances under which evidence 
for each emerges (Stoltz et al. 2017). The significant variability in measurement type and form also 
implies that a systematic construction of evidence will be required to progress the field. With so 
many moving components created by using different measurements identifying key repeatable 
findings and mechanisms of gene × environment effects is impeded. Building a systematic base for 
understanding individual variation to the environment is an important contribution to be made to 
this literature. 
1.6 Thesis purpose: a systematic analysis of measurement and analysis of models testing 
individual × environment models of child development 
Despite the evident feasibility and appeal of individual × environment models they have to date not 
delivered well on their promise to inform policy interventions to optimise child development 
(Belsky & van Ijzendoorn 2015). The field remains restricted by available data and the use of a 
diverse array of measurements. Therefore, this thesis aimed to 
1. Systematically analyse the current literature to identify any patterns in measurement and 
analysis that might direct future research into individual × environment models 
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2. Conduct analyses using existing data to explore effects of different measurements on 
individual × environment models; systematically examining effects of different measures of 
parenting, behavioural outcomes, and reactivity. 
1.7 Thesis structure 
This thesis focuses on bridging the gap between theory and evidence for individual × environment 
explanatory models of child behavioural outcomes. It examines the theory and evidence for child 
reactivity moderating the effects of parenting using a strategy of targeted review and empirical 
analysis. The thesis consists of six chapters outlined in Figure 1.3.  
Chapter 2 is a narrative review that summarises key constructs and construct measures used to 
assess individual × environment interactions regarding parenting, child reactivity, and behavioural 
development. It examines the knowledge base and methodological barriers that arise for individual 
× environment explanations of child behavioural development.  
Chapter 3 presents a systematic review of studies that have applied individual × environment 
methodology to understand how child characteristics moderate the effects of parenting on 
behavioural development. The review quantifies the measurement and statistical methodology 
associated with findings consistent with diathesis stress, differential susceptibility and vantage 
sensitivity. In total, 542 individual × parenting interactions were examined and 86 were described 
as statistically reliable. However, within- and between-studies, these reliable interactions 
inconsistently supported different theoretical models and sporadically varied with measures of 
parenting, behaviour, and individual characteristics. This inconsistency within and between-studies 
suggests systematic selection and testing of measures in individual × parenting interactions may be 
useful to identify robust areas of evidence. Thus, chapter 4 and 5 present sequential empirical 
analyses of two longitudinal cohort studies to systematically evaluate multiple analytical choices 
with the aim of identifying consistent evidence of individual × parenting interactions. 
Chapter 4 is the first empirical study and examines the interaction between parent-reported 
parenting (warmth and harshness) and parent-reported temperament (persistence, introversion, 
reactivity, difficult composite) predicting parent and teacher reported behavioural outcomes 
(internalizing, externalizing, pro-social) in a longitudinal sample of 1289 Australian children at ages 
4 and 6, and across ages 4, 6, and 8. By transparently examining the full matrix of analytical 
decisions, the results found 13 (2.5%) of 512 interactions statistically reliable and showed that 
temperament moderated the effects of parenting on behaviour. However, these reliable interactions 
did not consistently support a theoretical model and varied with measures of parenting, 
temperament, and behaviour, the age of the child, and the reporter of behaviour. The results 
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demonstrate the utility of exploring a broad range of analytical decisions and highlight the need for 
additional research that systematically changes measurement to find consistent and robust 
individual × parenting interactions. 
Chapter 5 extends the first empirical analysis by making four changes to the measurements used 
(long and short temperament measures, parent and behavioural measures with more variation, 
parent-report and observed parenting measures, younger age of temperament assessment) and 
examining an additional data set of children from the United States of America. Specifically, the 
analysis examined interactions between parent-reported parenting at 2 years (warmth, hostile) and 
parent-reported temperament at 1 year (approach, cooperation, irritability, difficult composite) for 
predicting parent reported behaviour at 4 years (internalizing, externalizing, pro-social) using a 
longitudinal sample of 3062 Australian children. Additionally, the analysis explored interactions 
between observed parenting at 15 months and 2 years (sensitive composite, negative-intrusive 
composite, positive regard, negative regard, sensitivity, animation, stimulation, detachment, 
intrusiveness) and parent-reported temperament at 6 months (fear, distress to limitations, falling 
reactivity, negative affectivity composite, duration of orienting, approach) predicting parent 
reported behaviour at 3 years (social and emotional competence, internalizing, externalizing, pro-
social) using a longitudinal sample of 1093 children from the United States of America. Utilising 
the same transparent analytical approach from chapter 4, the results found 2 (3%) of 64 interactions 
were statistically reliable in the Australian sample, whilst there were no statistically reliable 
interactions (of 1620) in the sample from the United States of America. The two statistically reliable 
interactions supported different theoretical models and there was no consistency in interaction 
effects across measures of temperament, behaviour, or parenting. Thus, the findings of chapter 4 
and 5 aligned and demonstrate the need for additional research to systematically evaluate 
measurements and analytic choices to identify consistent and robust evidence of individual × 
parenting interactions. In unison with the systematic review, these results demonstrate a substantial 
gap between theory and evidence regarding individual × parenting interactions to which possible 
solutions are outlined in the final chapter.   
Chapter 6 outlines several recommended approaches for future research focused on design, 
analysis, and results. Approaches for future research include a detailed focus on measurement, 
extensive validation and exploration of analytical decisions, the use of optimum and more causal 
research designs to elucidate interaction effects, the use of simulation studies to understand the 
implications of design, and critically assessing and accurately portraying results. 
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Chapter 7 concludes the thesis with an integrative discussion. It highlights that individual × 
environment interactions remain a key principle of developmental psychology. Though this thesis 
demonstrates a gap between theory and evidence, improvement in research design and measurement 
may align theory with evidence and yield insights that can assist the behavioural development of 
children.  
 
Figure 1.3: Outline of thesis structure. 
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Chapter 2: A review of individual variation to the effects of parenting on behavioural 
development 
2.1 Introduction 
Adaption of biological organisms to their environment, both to survive and thrive, is an 
underpinning tenant of modern developmental science that recognises human development as a 
complex interplay of varied genetic predispositions with environmental exposures. Reflecting this 
understanding, research in child development has been moving beyond conceptualisations of 
uniform environmental or biological influences on child development to the incorporation of 
interactions between the environment and characteristics of the individual (Bronfenbrenner & 
Morris 2006; Zubrick et al. 2009; Bell 1968; Patterson 1982; Sameroff 1975; Wang & Liu 2017).   
A specific push in this direction has focused on organismic specificity (Wachs & Grandur 1983) or 
“biological fit” to understand how children vary in their fit to the social environment (Ellis et al. 
2011). Research has investigated how individual variation to the environment primes certain 
children to perform better or worse given a specific social context. A common analogy used to 
present this conceptualisation is that made to flower species (Boyce & Ellis 2005). Given a range of 
social contexts, some children are similar to dandelions; they perform adequately despite poor 
conditions. In contrast, some children are like orchids; they require specific conditions wherein they 
thrive, and experience deleterious outcomes in conditions that do not match these conditions. 
2.2 Theoretical models of child variation in response to the social environment 
Social scientists have primarily used three theoretical approaches to explain and explore individual 
variation in children’s developmental response to the social environment. These include the 
diathesis stress, vantage sensitivity and differential susceptibility hypotheses.  
Introduced in chapter 1, the logic of these models is as follows. First, for comparison, the uniform 
environment or biological model implies that improvements in environmental conditions or 
biological determinants improve child development outcomes. Diathesis stress, on the other hand, 
means that when environment conditions are poor, the characteristics of some children cause a 
negative deviation in their developmental path compared to the path of less-vulnerable peers. 
Vantage sensitivity mirrors diathesis stress and states that vantage-sensitive children possess 
characteristics that improve their development in positive environments. Finally, differential 
susceptibility (similar to biological sensitivity to context and sensory processing sensitivity) states 
that ‘vulnerable’ and ‘vantage-sensitive’ characteristics are susceptibility factors such that children 
have characteristics making them vulnerable to negative environments and vantage-sensitive to 
positive environments. In this model, susceptible children have better outcomes in developmentally 
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rich environments and worse outcomes in developmentally poor environments, reflecting greater 
sensitivity to environment both positive and negative.  
2.3 Evidence for the three models and the respective components in the models 
Many studies have tested these theoretical models by investigating how child characteristics 
moderate the effects of pertinent environments on child development outcomes. There have been 
several special editions of high ranked journals (Ellis & Boyce 2011; Belsky & van IJzendoorn 
2015) and reviews on individual variation to the environment (Belsky & Pluess 2009; Pluess & 
Belsky 2013; Boyce 2016; Rabinowitz & Drabick 2017; Bakermans-Kranenburg & van IJzendoorn 
2011; van IJzendoorn & Bakermans-Kranenburg 2015). Ongoing, new research reflects the high 
credence given to the hypothesised models of development and their potential value in translation to 
intervention strategies.  
To date, reflecting the relatively early stage in application of these hypotheses in developmental 
science, a proliferation of studies have applied a wide variation in the methodological approaches in 
empirical testing of the theory. Studies have assessed a range of child development outcomes (e.g., 
academic performance, behaviour, physical health, substance consumption and abuse), assessed a 
range of developmental environments (e.g., school, parenting, neighbourhood, stressful life events) 
and employed a range of child characteristics as the index moderator (e.g. temperament, genetic 
markers and epigenetic variation) (Moore & Depue 2016). There has also been robust discussion 
within the research literature, thus far, on the analytic decisions and methods to establish criteria for 
empirical testing of the theories (Belsky et al. 2007; Roisman et al. 2012; Widaman et al. 2012). 
Given the large variations in analytical approach, this thesis seeks to contribute to substantive 
findings and methodological debate. The thesis commences (chapter 2 and chapter 3) with an 
analysis of the findings thus far and the methods used to arrive at these findings.  
The contribution of the thesis focuses on how child characteristics may moderate the impact of care 
environments (parenting) on child behavioural outcomes (internalising, externalising and social-
emotional competence). Parenting and behavioural outcomes are an exemplar of the field because 
initial work suggesting differential susceptibility regarded parenting (Belsky 1997) and there is a 
proliferation of subsequent work focussed on the interaction of care environments and child 
characteristics on behavioural outcomes. The focus on behavioural outcomes also has significant 
policy links with well-documented paths from behavioural problems to poorer trajectories across 
the life course (de Graaf et al. 2008; Fergusson et al. 2005; Leschied et al. 2008; Rutter 1989; 
Sanders 2008).  
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Several prior reviews of literature focussed on behavioural outcomes provide a strong base to 
understand the state of play in testing child by environment models (Belsky et al. 2009; Kiff et al. 
2011; Rabinowitz & Drabick 2017; Slagt et al. 2016a). The following represents a summary and 
expansion of this literature. 
2.4 Evidence of individual variation to the environment: a review of parenting and 
behavioural development 
The aim of this review is to provide a foundational understanding for how child characteristics 
moderate the association between parenting and child behavioural development. The review 
introduces key constructs and structural links between these constructs. While the focus is specific 
to parenting and behavioural development, the mechanisms of sensitivity examined are generalised 
models of developmental science.  The chapter structure introduces child behaviour, child 
characteristics and behaviour, parenting and child behaviour, how child characteristics moderate the 
effects of parenting on child behaviour and how methodology guides the understanding of these 
moderating effects. 
2.5 Externalizing and internalizing behaviour and social and emotional competence 
Social and emotional competence and externalising and internalising behaviours are constructs that 
categorise how children are responding to their external and internal environment. Specifically, the 
American Psychological Association (APA) defines behaviour as an organism’s activities in 
response to external or internal stimuli, including objectively observable activities, introspectively 
observable activities and nonconscious processes (https://dictionary.apa.org/behavior 30/05/2018).  
Social competence can be defined as behaviours that facilitate positive social interactions which 
may benefit others, (e.g. cooperation and helping) as well as undertaking behaviours that maintain 
peer relationships (e.g., sharing and compromise) and build peer rapport (Blair et al. 2015; Rose-
Krasnor 1997; Rubin et al. 2012). Emotional competence, on the other hand, involves using 
identification and regulatory behaviours to manage emotions as well as managing emotions arising 
through social interactions with others (Camras & Halberstadt 2017; Denham 1998; Saarni 1990). 
During childhood and adolescence, the ability to form friendships and comply with behavioural 
expectations are indicators of social and emotional competence (Caldarella & Merrell 1997; 
Halberstadt et al. 2001; Matson et al. 1983; Rubin et al. 2012). 
Externalising and internalising behaviours, on the other hand, are maladjustment of behaviour 
(Achenbach 1991; Bongers et al. 2004; Campbell 1995; Siddons & Lancaster 2004). Externalising 
behaviours are actions directed toward other people or property and are readily observable. These 
include aggression, defiance and antisocial conduct (Frick et al. 1993). Internalising behaviours are 
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emotional and physiological responses and are difficult to observe (Campbell 1995). They include 
depression, anxiety and rumination (Achenbach 1991). 
Externalising and internalising behaviours are occasionally equated with an absence of social and 
emotional competence, but they are conceptually distinct (Rabinowtiz & Drabick 2017). Regarding 
the distinction, there are differences in the genetic variation underlying externalising and 
internalising behaviours compared to that associated with social and emotional competence 
(Kendler et al. 2011a, 2011b). Moreover, an absence of behavioural problems is not conceptually 
equivalent to the presence of social competence (Goodman 1997). There are, however, several 
conceptual linkages. Children with externalising and internalising behavioural problems may have 
difficulties connecting with peers with attendant effect on development of social and emotional 
competence (Masten & Obradović 2006). Likewise, children with poor social emotional 
competence may be more likely to develop externalising and internalising behaviours due to issues 
with peers and a lack of social support (Masten & Obradović 2006). That is, a bidirectional 
relationship can occur, where a lack of social emotional competence can drive the development and 
escalation of externalising and internalising behaviours, while the presence of these behavioural 
problems may decrease opportunity to develop social competence (Masten & Obradović 2006). 
Finally, there may be a common cause of both the poor social emotional competence and increased 
externalising internalising behaviours, such as harsh parenting (Masten & Obradović 2006). Thus, 
the behaviours are likely associated with each other but are conceptually distinct. 
Social and emotional competence and externalising and internalising behaviours are a key focus in 
developmental science as a substantial body of research identifies such behaviour problems as 
predictors of poor life course trajectories (Fergusson et al. 2007; Mannuzza et al. 2008; Nock et al. 
2007; Odgers et al. 2008; Reef et al. 2011). Externalising and internalising behaviours are 
associated with lower academic performance, higher school dropout, substance abuse and peer 
rejection (Bongers et al. 2008; Henricsson & Rydell 2006; Kokko et al. 2006; Vaillancourt et al. 
2013). In contrast, higher levels of social-emotional competence are associated with better academic 
performance and mental health, higher peer acceptance and lower risk-taking and substance abuse 
(Botvin & Griffin 2014; Domitrvoich et al. 2017; Forster et al. 2015; Herman-Stahl & Petersen 
1996; Jones et al. 2015; Segrin et al. 2016). Whilst these associations are understood, prevention 
and remediation of behaviour problems occurs inconsistently across the population and directs 
attention to considering how individuals respond differently to different parenting environments and 
interventions (Belsky & van Ijzendoorn 2015; Domitrvoich et al. 2017; Ungar 2018). 
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2.6 Child characteristics and behaviour 
Children’s social-emotional competence and behaviours develop through genetic, endophenotypic 
and phenotypic characteristics interacting with the environment. The extent each characteristic 
contributes may vary. Child characteristics are conceptualised along a biological continuum with 
genes at the base (Figure 2.1; Gottesman & Gould 2003; Lenzenweger 2013). In Figure 2.1, 
phenotype is the observable attributes of a child such as morphological or biochemical features, 
whilst the endophenotype is biological markers, such as physiological responsivity, that are easier 
to observe than genetic sequences (Gottesman & Gould 2003; Lenzenweger 2013). In practice, the 
difference between the three concepts usually refers to scale of measurement. Endophenotype has 
close ties with genetic variation, whilst phenotype can also refer to larger scale, observable traits, 
such as temperament (Boyce 2016; Gottesman & Gould 2003; Rabinowitz & Drabick 2017). 
Throughout this thesis, phenotype will refer primarily to temperament, whilst endophenotype will 
refer to measures of observed biology that are not genetic sequences. Evidence suggests knowledge 
of the phenotype, endophenotype and genotype is important for understanding the development of 
child behaviour (Cicchetti & Dawson 2002). Each is discussed in turn below.  
 
Figure 2.1: Biological continuum linking genes, endophenotype and phenotype. 
2.7 Genes and behaviour 
Genes refer to sections of deoxyribonucleic acid (DNA) located in chromosomes (a DNA molecule) 
of the genome (the entire DNA of an organism) which code for amino acid combinations that form 
proteins that make structural and functional components of biological organisms and contribute to 
the endophenotype and phenotype (Lenzenweger 2013; Plomin et al. 2008; Rutter 2006). This 
coding occurs through two strands of alternating matched nucleotides adenine (A) and thymine (T) 
and cytosine (C) and guanine (G) that determine, based on the central dogma, the functional 
expression of the gene (Rutter 2006).   
Though human genomes are very similar (~99%), there are variations in genes between individuals 
known as alleles and polymorphisms which constitute the genotype (The 1000 Genomes Project 
2015). Alleles refer to the variations (at least two) in a gene that occur at the same relative location 
(locus) of the chromosome and polymorphisms are the presence of different DNA sequences in the 
population (Moore & Depue 2016). For example, one individual may have CCTAG, whilst another 
Genes Endophenotype Phenotype
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has CCAAG, where the bold text indicates the allelic variant. Single nucleotide polymorphisms 
(SNPs) are differences occurring in a single nucleotide at a locus. These are the most common 
polymorphism between people and feature heavily in candidate gene studies (Hattersley & 
McCarthy 2005; Weeland et al. 2015). There are also variable number of tandem repeats (VNTR) 
polymorphisms which refers to an allele defined by a sequence being repeated a certain numbers of 
times. For example, the DRD4 7-repeat allele identifies some individuals repeating the same 
nucleotide sequence seven times, compared to four repeats in another – plus other various repeat 
lengths (Plomin & Rutter 1998). Moreover, because humans are diploid and have two copies of 
each chromosome, individuals can be homozygous (both alleles the same) or heterozygous (one 
copy of each allele) (Plomin et al. 2008). These allelic variations and polymorphisms constitute the 
genotype of an individual.  
As the genotype of an individual can determine variation in structural and functional components of 
the endophenotype and phenotype, researchers have examined whether genetic variation can 
explain social and emotional competence and externalizing and internalizing behaviour, as well as 
other child development outcomes (McAdams et al. 2014; Plomin & Rutter 1998). Researchers 
have examined genetic variability associated with the dopamine, opioid and oxytocin, serotonin, 
gamma-Aminobutyric acid (GABA) corticotrophin-releasing hormone (CRH) and norepinephrine 
(NE) systems as well as the Brain-Derived Neurotrophic Factor (BDNF) and FK506-binding 
protein 51 (FKBP5), amongst others (Rabinowitz & Drabick 2017; Rhee et al. 2015; Rutter et al. 
1999; Weeland et al. 2015). If genetic variation changes the functional structure of these systems, it 
could influence the endophenotype and phenotype of an individual and influence their behaviour. 
Though not comprehensive, the overview below outlines research that has focused on examining 
how candidate genetic markers and the functional components they code for are associated with the 
behavioural development of children. 
Dopamine is a neurotransmitter that is important for motivation, exploration, goal-directed 
behaviour, positive emotions and, in some cases, the avoidance of negative outcomes. Four main 
genes have been examined to link dopamine related genetic variability to child behavioural 
outcomes. These include the 48-basepair variable number of tandem repeats (VNTR) on exon 3 of 
the DRD4 gene (ranging from 2 to 11 repeats, with the 7-repeat associated with lower affinity for 
dopamine), the Taq1 polymorphism of the DRD2 gene (A1 allele of rs1800497, decreased 
dopamine binding and receptor availability), the dopamine transported DAT1 gene SLC6A3 variant 
(variable repeat in intron 8 rs3836790, 10 repeat associated with lower dopamine binding thus a 
longer time period for dopamine be available) and the catechol-O-methyltransferase (COMT) 
val168met gene (higher COMT increases dopamine metabolism, both val/val and met/met have 
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been associated with differential reactivity). The DRD4, DRD2 and DAT1 variants mentioned 
above have been associated with externalizing behaviours (Kirley et al. 2004; Mill et al. 2005; 
Young et al. 2002; Zai et al. 2012; Arcos-Burgos et al. 2012). Whilst, COMT val/val has been 
linked to internalizing behaviours (Egan et al. 2001; Lee & Prescott 2014; Sheikh et al. 2013), yet 
the met/met allele has also been associated with and internalizing behaviour (Klein 2016; Woo et al. 
2004). 
The opiate and oxytocin systems are important for social interaction, social bonding, trust and 
caring. β-endorphin constitutes the strongest opioid peptide and has a high affinity for the µ-opioid 
receptor (MOR). Oxytocin is a hormone with receptors located throughout the brain, brain stem and 
spinal cord (Stoop 2012). Links to the opiate system have been made using the OPRM1 gene 
(rs1799971) associated with MOR. Although the functional implications remain uncertain, 
individuals with the G/G alleles are implicated as gaining additional MOR function and show more 
internalizing behaviours and social withdrawal compared to A/A or A/G variants (Bertoletti et al. 
2012; Way et al. 2009), perhaps because social losses are registered heavily for G/G due to 
enhanced MOR function (Moore & Depue 2016). The oxytocin receptor gene (OTR) and several 
polymorphisms has been a primary focus for linking oxytocin genetic variation to behaviour. 
However, the functional implications of those polymorphisms remain uncertain and it is difficult to 
make strong conclusions regarding their effects on behaviour (Bakermans-Kranenburg & van 
IJzendoorn 2014). Nonetheless, research has also examined an oxytocin coding gene (OXT) and 
found single nucleotide polymorphisms, such as the C allele of rs4813625, were associated with 
more internalizing behaviours in children (Francis et al. 2016) and adult females (Love et al. 2012). 
Corticotrophin-Releasing Hormone (CRH) is a hormone that effects the regulation of the 
hypothalamic–pituitary–adrenocortical (HPA) axis, responses to stress, anxious behaviour, 
behavioural activation, learning and the formation of memory and emotional memories (Moore & 
Depue 2016). Though the functionality remains unknown, CRHR1 gene SNPs (e.g., T allele of 
rs6159, G allele of rs1876828 and rs242939, T allele of rs242941) have been associated with more 
internalizing behaviours (Smoller et al., 2005; Liu et al., 2006). 
Serotonin (5-Hydroxytryptamine; 5-HT) is a vasoconstrictor and neurotransmitter that effects 
mood, emotion, cognition and circadian rhythms (Heils et al. 1996). Several genes and 
polymorphisms have been linked to 5-HT and human behaviour. The 5-HT Transporter (5-HTT) 
gene and the associated 5-HTTPLR polymorphism is commonly examined in studies of individual 
variation to the environment. The short allele (s/s) of 5-HTTLPR is implicated as lowering 
serotogenic functioning and increased internalizing behaviours compared to s/l or l/l variants (Caspi 
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et al. 2010; Furmark et al. 2004; Lesch et al. 1996). Likewise, monoamine oxidase A (MAOA) is an 
enzyme that degrades biogenic amines (e.g., 5-HT and norepinephrine) in the pre-synapse such that 
higher activation results in lower pre-synaptic concentrations of amines. Regarding the MAOA 
VNTR gene, 3.5 to 4 repeats show higher activation compared to 3 repeats, whilst activation of 2, 5 
and 6 repeats remains ambiguous (Brummett et al. 2007). Some research has found people with low 
activity variants of MAOA VNTR have more internalizing behaviours (Yu et al. 2005), whilst other 
authors found high activity variants had more internalizing behaviours (Gutiérrez et al. 2004; Rivera 
et al. 2009). Another genetic variant associated with serotonin function and behaviour is tryptophan 
hydroxylase (TPH1 and TPH2). TPH is the rate-limiting enzyme in the biosynthesis of serotonin. 
Although the functional implications of polymorphisms in TPH1 and TPH2 are uncertain, the T 
allele of TPH1 rs2108977 and TPH2 rs11178997 were associated with increased post-traumatic 
stress symptoms (Goenjian et al. 2012). Further, the A allele of TPH2 G1463A was associated with 
~80% decrease in 5-HT production in vitro and linked to internalizing behaviour (Zhang et al. 
2005).  
Norepinephrine (NE) is a stress hormone and neurotransmitter that stimulates adrenergic receptors 
and neural responses to emotionally relevant cues, including playing a role in memory consolidation 
of emotional situations (Kravets et al. 2015). The locus coeruleus (LC) is the primary source of NE 
within the brain, and so the terminology of the LC NE system is often used. Genetic polymorphisms 
of the α-receptor genes of the NE system are suggested to link with behaviour. The functional role 
of this gene is uncertain, but a deletion variant in ADRA2B is associated with lower NE 
concentration and greater emotional memories (de Quervain et al. 2007; Todd et al. 2013). Alpha-
receptor gene variants have been associated with externalizing behaviours such as Attention 
Deficient Hyperactive Disorder (ADHD; Schmitz et al. 2006; Comings et al. 2000; Hawi et al. 
2013; Banaschewski et al. 2010) and suggested to be more important for inattention compared to 
hyperactivity (Schmitz et al. 2006).   
Gamma-Aminobutyric acid (GABA) is the primary inhibitory neurotransmitter in the mammalian 
central nervous system (Le Magueresse & Monyer 2013). Deficits of GABA have been linked to 
Autism Spectrum Disorders (ASD), internalizing behaviours and externalizing behaviour 
(Brambilla et al. 2003; Coghlan et al. 2012; Prosser et al. 1997). Also, genetic polymorphisms such 
as the GABRA2 gene minor haplotypes have been linked to externalizing behaviours (Dick et al. 
2006, 2009 Villafuerte et al. 2012, 2013). However, a gene-wide association study did not find links 
of relevant GABA genes to ASD or ADHD symptoms (Naaijen et al. 2017). 
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Other potential genetic influences on behaviour relate to the Brain-Derived Neurotrophic Factor 
(BDNF) and FK506-binding protein 51 (FKBP5). By affecting hippocampal long-term potentiation, 
BDNF indirectly influences memory and learning (Bueller et al. 2006; Cunha et al. 2010; Panja & 
Bramham 2014). Met/met homozygous individuals for the val66met polymorphism have lower 
BDNF secretion, and this has been associated with more internalizing behaviour (Bueller et al. 
2006; Chen et al. 2004, 2006; Enoch et al. 2008; Frodl et al. 2007). On the other hand, Alexander et 
al. (2010) found the val allele was associated with increased internalizing behaviours. The FKBP5 
gene codes for FK506-binding protein 51 that regulates glucocorticoid-receptor (GR) sensitivity 
(Binder 2009) by reducing the GR affinity for cortisol (Wochnik et al. 2005). Appel et al. (2011) 
and Ising et al. (2008) found FKBP5 gene polymorphisms (e.g., T/T alleles of rs1360780) were 
associated with excess HPA axis functioning and higher internalizing behaviours. 
2.8 Endophenotype and behaviour 
The endophenotypic characteristics of children can also influence phenotypic expression and 
behavioural development. Two main systems of interest include the adrenocortical, hypothalamic–
pituitary–adrenocortical (HPA) axis and autonomic nervous system (ANS) constituting the 
sympathetic nervous system (SNS) and parasympathetic nervous system (PNS). A range of 
measures can be used to index these endophenotypic characteristics and some primary measures are 
discussed below.  
The HPA axis is one of the main stress response systems of humans that can influence behaviour 
(Chrousos et al. 1992; Koss & Gunnar 2018). It largely controls the release of cortisol and 
subsequent inhibition of that release. Cortisol receptors are found throughout the human body and, 
as a result, cortisol can have a large effect on developmental processes and behaviour (Bauer et al. 
2002). Stress responses, and thus HPA axis activation, in humans are primarily caused by threats of 
imminent physical harm and threats to social identities such as relationships and self-esteem 
(Dickerson & Kemeny 2004; Koss & Gunnar 2018). However, cortisol is also produced in non-
stress environments and regulates learning, memory and emotion. Additionally, cortisol levels have 
a diurnal pattern that is a key regulator of sleep (Gunnar & Vazquez 2001). When examining the 
effects of cortisol it is important to consider the cortisol profile in response to stress and challenges. 
The benefit profile of cortisol is said to follow an inverted U, with moderate cortisol reactivity in 
response to moderate challenges associated with improved attention and effortful control (Blair et 
al. 2008; Wagner et al. 2017). On the other hand, low or high cortisol reactivity in response to 
moderate challenges or low and high baseline cortisol levels are associated with regulatory 
problems and increased externalising and internalizing behaviours (Blair et al. 2005; McBurnett et 
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al. 2000; Mills-Koonce et al. 2015; Koss & Gunnar 2018). Thus, through its role in cortisol 
regulation the HPA axis is a component of child behaviours.  
The autonomic system consists of the sympathetic nervous system (SNS) and parasympathetic 
nervous system (PNS). The sympathetic nervous system is considered the “fight or flight” system 
and initiates arousal and physiological responses to stress, such as enhanced blood flow to the lungs 
and skeletal muscles, sweating and increased heart rate (Furness 2006; Gabella 2001; Kreibig 
2010). Acting as the complementary antagonist or “brake” on the SNS, the parasympathetic nervous 
system is considered the “rest and digest” system and invokes relaxation, enhanced digestion, 
increased blood flow to internal organs and lowered heart rate (Furness 2006; Gabella 2001; 
Kreibig 2010). 
The SNS can be measured using Skin Conductance Level (SCL) which has been linked to child 
behaviour (El-Sheikh 2007; El-Sheikh et al. 2010; Lidberg & Wallin 1981). Skin conductance level 
(SCL) is a measure of electrodermal activity (EDA) that works by tracking how differences in 
sweat gland activation change the rate that electricity passes across the skin (Kochanska, Brock et 
al. 2015). As EDA is largely determined by the SNS, SCL is assumed to reflect SNS functioning. 
When examining links to child behaviour, higher EDA is associated with fear and anxiety whilst 
lower EDA indicates fearlessness and impulsivity (Block 1957; Fowles et al. 2000). Subsequently, 
children with low have SCL been associated with more externalising behaviours (Crowell et al. 
2006; Lorber 2004; Posthumus et al. 2009; Raine 2002). Thus, measures of SNS are linked to 
behaviour of children.  
Activity of the PNS systems is linked to child behaviour and can be measured with Respiratory 
Sinus Arrhythmia (RSA; Beauchaine 2001; Van der Graaff et al. 2016). RSA measures heart rate 
variability and indexes how heart rate changes over the respiratory cycle of inhalation and 
exhalation. This is a measure of the PNS because heart rate is primarily determined by the vagus 
nerve which is a component of parasympathetic control (Berntson et al. 1997). It is proposed that 
differences in RSA during inhalation and exhalation measure the ability to respond to changes in 
the environment (Porges 1995; Thayer & Lane 2000). Lower RSA is thought to indicate self-
regulation difficulties and consequently is associated with a higher number of externalising and 
internalising behaviours, whilst competent self-regulation and fewer behavioural difficulties are 
observed for individuals with higher RSA (Porges 1992; Beauchaine 2001). PNS activity is 
therefore a component of child behaviours. 
Another endophenotypic trait linked to behaviour in children is testosterone. Testosterone is an 
anabolic–androgenic steroid that is a key sex hormone in males and promotes development of 
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reproductive tissues and is associated with increases in muscle and bone mass (Hines et al. 2015; 
West & Phillips 2010). Higher levels of testosterone have been associated with more externalising, 
aggressive behaviours, with small effect sizes ranging from 0.08 to 0.14 (Archer et al. 2005; Book 
& Quinsey 2005; Book et al. 2001).  
2.9 Temperament and behaviour 
Temperament is a measure of typical behavioural patterns of an individual child and reflects 
underlying genetics (traits) and neural reactivity. Temperament has been variously defined (Buss & 
Plomin 2014; Zentner & Bates 2008), but generally captures constitutionally based individual 
differences in reactivity and self-regulation in the domains of affect, activity and attention (Rothbart 
& Bates 2006, pg. 100). Constitutional in this definition refers to the biological underpinning of 
temperament, in the form of genetic expression, which interacts with a child’s environment to 
determine temperament. Reactivity encapsulates how responsive children are to changes in the 
internal and external environment. Reactivity can be both specific (e.g., emotion in response to 
negative events) and general (e.g., fear), and is measured by the length, duration and intensity of a 
child’s motor, affective and attentional reactions to stimulus (Rothbart & Derryberry 1981). Self-
regulation, on the other hand, refers to the processes used to control and regulate a child’s 
reactivity.  
Zenter & Bates (2008) outline several criteria that capture the theoretical substance of temperament. 
First, temperament captures behavioural differences between individuals in affect, activity, attention 
and sensory sensitivity. Second, the behavioural differences are measureable such as the length, 
duration and intensity of affective and attentional reactions to stimuli. Third, these behaviours 
appear early in life and are fully expressed, though not necessarily stable, within the first several 
years. Fourth, primates and some social mammals should exhibit similar behaviours, reflecting 
biological underpinnings (Jones & Gosling 2005; Réale et al. 2007). Fifth, there are, even if 
complex, links to biological processes and systems (e.g., genes and endophenotype). And, sixth, the 
behaviours are enduring on a relative time scale and consistent predictors of outcomes. 
Though the debate is open, several main, identified temperament components variously meet these 
theoretical criteria (Nigg 2006; Zenter & Bates 2008). These components include behavioural 
inhibition or fear of the child when experiencing new environments and meeting new people. 
Irritability or frustration or negative emotionality in response to the child experiencing negative or 
painful events. Approach or positive emotionality when the child experiences positive emotions 
when investigating environments and people or anticipating outcomes. Activity level or energy of 
the child measured by the frequency and intensity of movement and activity throughout the day and 
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in response to imposed stillness. Persistence or attention or effortful control when the child is trying 
to complete tasks, activities or challenges. That is, the self-regulatory capacity of the child to persist 
voluntarily with difficult tasks. And, sensory sensitivity or threshold of the child to react and 
experience, or be negatively overwhelmed by, sensory stimuli (e.g., sound, taste, sight and touch). 
These individual components have also been summarised into an easy vs difficult overall 
temperament construct. Children who are behaviourally inhibited, irritable, low in approach, high in 
activity, low in persistence and high in sensory sensitivity are difficult, whilst children with the 
inverse for these components are easy (Carey & McDevitt 1978). Children with other combinations 
of temperament are slow-to-warm-up (low activity and approach and behaviourally inhibited) or 
intermediate types (Carey & McDevitt 1978). 
Each of these temperament components can be measured using survey questionnaires, observation 
and laboratory tasks (Zentner & Bates 2008). The main benefit of laboratory tasks and observation 
is that researchers can objectively evaluate and compare children’s reaction to similar stimuli 
(Sanson et al. 2004). However, these tasks are time and resource intensive and offer a limited set of 
experiences to derive a child’s temperament profile. On the other hand, surveys of parents are 
beneficial as they are relatively quick to implement and can capture a child’s temperament in 
response to extensive and hard to observe experiences. Nonetheless, surveys may be biased by 
parents reporting desirable temperamental traits and by not having an objective comparison to 
derive how their child would behave (Sanson et al. 2004; Seifer et al. 2004; Zentner & Bates 2008). 
Surveys of external caregivers can help mitigate the personal biases of parents, but may be limited 
if external caregivers have not observed the child respond to a wide range of challenging 
experiences (Achenbach et al. 1987; Sanson et al. 2004; Seifer et al. 2004). Thus, surveys, 
observations and laboratory tasks can all be used to measure temperament and each method has 
advantages and disadvantages.  
Temperament consistently links to the behavioural development of children. Children who are 
behaviourally inhibited, irritable, low in approach, high in activity, low in persistence or high in 
sensory sensitivity or classified as having a difficult temperament have been found at risk for 
developing more externalizing and internalizing behaviours and lower social and emotional 
competence (Brock & Curby 2016; Caspi et al. 1995; De Pauw & Mervielde 2010; Graham et al. 
1973; Muris & Ollendick 2005; Rubin et al. 2002; Sanson et al. 2004; Thomas 1968; Wiggins et al. 
2014). 
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2.10 Parenting and behaviour 
Although the behaviour of children is associated with phenotypic, endophenotypic and genetic 
characteristics of the child, empirical evidence has widely shown that parent behaviours are a potent 
influence on child development. Components of parenting – including parental behavioural and 
psychological control, emotional quality of parent-child relationships and parent responsiveness to 
children’s emotions and needs – consistently link to the expressed behaviour of children (Fraley & 
Roisman 2015; Kiff et al. 2011; Maccoby 2000; Pinquart 2016a, 2017; Roisman & Fraley 2012). 
Parental control consists of two main components, behavioural control and psychological control.  
Behavioural control refers to the strategies parents use to manage the behaviour of their children. 
Examples of these strategies include monitoring what a child has been doing, punishing and 
rewarding behaviour, setting rules and limits for acceptable behaviour and how consistently parents 
apply the control strategies (Baumrind 1971; Kiff et al. 2011; Stattin & Kerr 2000). Children of 
parents who try to control their behaviour using harsh, hostile or coercive tactics and physical 
punishment, as well as an inconsistent application of control strategies, tend to develop more 
externalising and internalising behaviours and lower social and emotional competence (Gershoff 
2002; Piko & Balázs 2012; Pinquart 2016a, 2017), though an absence of behavioural control can 
also lead to the development of behavioural problems (Steinberg et al. 1994; Jewell & Stark 2003). 
Psychological control refers to strategies used by parents to constrain, manipulate and invalidate the 
self-expression and emotional experiences of children (Barber 1996; Barber & Harmon 2002; 
Bindman et al. 2015; Soenens & Vansteenkiste 2010). Measures of the psychological control 
construct include low autonomy granting, high intrusiveness, excessive negative control and 
manipulation and over-control. Children of parents who use the psychological control behaviours in 
excess tend to have more internalizing behaviours (Möller et al. 2016; Pinquart 2016a, 2017; Pettit 
et al. 2001; Symeou & Georgiou 2017), and in some cases more externalizing behaviours (Pettit et 
al. 2001; Symeou & Georgiou 2017). The negative effects of parental psychological control can 
also be larger in later developmental stages when children require more autonomy to function 
adequately within social structures (Barber & Harmon 2002; Luyckx et al. 2007; Soenens et al. 
2005). 
Emotional quality of the parent-child relationship refers to the climate of support and 
responsiveness parents provide their children. This is typically conceptualised in terms of warmth, 
closeness and acceptance compared to negativity and rejection (Clark & Ladd 2000; Maccoby 
1992; Spera 2005). The warmth component measures affection, positive emotions, involvement and 
admiration of parents with their children (MacDonald 1992; Davidov & Grusec 2006). Parenting 
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environments high in warmth and acceptance are associated with fewer externalizing and 
internalizing behaviours and greater social and emotional competence in children (Pinquart 2016a, 
2017; Waller et al. 2015; Zhou et al. 2002). Conversely, negativity, rejection and a lack of 
emotional support from the parents for their children captures the opposite side of parenting 
emotional quality (Rohner 2004) and is associated with an increase in internalizing and 
externalizing behaviour and reduced social and emotional competence (Pinquart 2016a, 2017; 
Rothbaum & Weisz 1994; Waller et al. 2015).  
Parent responsiveness to child’s emotions and needs refers to how parents respond to child cues, 
actions, behaviours and affect (Bornstein et al. 2008; Feldman 2007; Kiff et al. 2011). Measures, for 
example, capture the frequency that a parent provides affirmations, questions and exploratory 
prompts to a young child playing with toys (Bornstein et al. 1996, 2008). Further, measures include 
how parents incorporate and respond to the perspectives of children (Ainsworth et al. 1978; De 
Wolff & van Ijzendoorn 1997). Children of parents who are responsive, sensitive, synchronised and 
attentive to the child’s needs tend to have fewer externalizing and internalizing behaviours and 
higher social and emotional competence (Belsky & Fearon 2002; Fraley et al. 2013; Gardner 1994; 
Haltigan et al. 2013; Kochanska et al. 2008; Mesman et al. 2012; Stams et al. 2002). 
These parenting measures differ between studies such that there is lower comparability between 
investigations.   
2.11 Child characteristics as reactivity mechanisms that moderate the association between 
parenting and children behaviour 
2.11.1 Mechanism 
Empirical evidence shows that child characteristics including genetic, endophenotypic and 
phenotypic measures, described above, can moderate the effects of parenting on behavioural 
development (Boyce 2016).  This is not surprising given the extensive data from over 30 years of 
behavioural genetic research shows that children not only receive an environment but create one 
through the behavioural (including parenting) responses they elicit and the environments and 
activities they self-select (Avinun & Knafo 2014; Plomin et al. 2008; Rutter 2006).  
The underlying rationale for each moderating mechanism is that child variability in these measured 
characteristics affects sensitivity to experience, central among these experiences being the parenting 
environment. The mechanisms are multiple. Assuming the relevance and magnitude of the 
experience is similar, sensitivity to experience would be present in 1) the differences in individual 
thresholds at which behavioural responses are neurologically triggered, and 2) the extent that 
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selective attention is focused to heightened processing of emotions, positive and negative incentives 
and understanding experiences along with forming stronger associations and memories between 
emotions, incentives and triggering experiences (Moore & Depue 2016). Moore & Depue (2016), 
present an example of this reactivity framework suggesting that sensitivity of biochemical systems 
including dopamine (incentives and motivation), oxytocin and opiate (rewards and social cues) and 
Corticotrophin-Releasing Hormone (CRH; response to uncertainty and risk) all present potential to 
affect developmental outcomes under conditions of warm and responsive parenting environments 
(positive) compared to a rejecting and unresponsive parenting environment (negative). 
2.11.2 Parenting warmth 
Measures of parenting warmth and responsiveness, in the context of observational studies where a 
child plays with toys (e.g., Bornstein et al. 2008), relate to the three biological systems in several 
ways. First, warm and co-ordinated parenting behaviours that facilitate infant exploration of new 
environments and toys could activate the incentive system (dopamine). Second, comforting and 
affectionate embraces in response to observed distress in the infant whilst playing with toys could 
activate the reward system (oxytocin and opiate). Third, parenting that allows and encourages the 
child to play freely until distressed, at which point the parent appropriately intervenes and supports 
the child, could reduce the activation of the stress response system (CRH). Conversely, rejecting 
and unresponsive parenting may not encourage lengthy exploration or play (dopamine system), 
distress in the child may cause a withdrawal of social support (oxytocin and opiate) and the parent 
may inappropriately intrude and inhibit play and be unable to provide warmth and support that 
could regulate infant distress thus activating the stress response system (CRH). 
To summarise potential effects of the warm and responsive parenting environment, the dopamine 
and incentive motivation system could lean towards productive exploration and play with toys. 
Likewise, affectionate and responsive support could activate social bonding systems (opiates and 
oxytocin) that encourage secure attachments. Moreover, because responsive, caring parents could 
quickly detect distress and intervene with appropriate calming responses the infant may encode 
stressors as controllable and parents as a dependable stress reducing resource (CRH). As instances 
of stress are appropriately resolved repeatedly, this kind of parenting could encourage the infant’s 
biological systems towards exploration, self-regulation and solving problems. The result is that the 
brain has heightened activation of the dopamine and oxytocin and opiate insensitive systems, the 
brain is primed to engage these systems in context of positive social experiences and there is lower 
anxiety and stress reactivity from the absence of sustained stress.  
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2.11.3 Harsh parenting 
In a harsh and rejecting parenting environment the dopamine system could be activated more to 
achieve short-term goals before parent interference with child play or due to a lack of support and 
encouragement when exploring new or complicated toys. Likewise, the oxytocin and opiate system 
may activate more in the context of avoiding withdrawal of social support if the child became 
distressed or upset the parent. The lack of parenting responsiveness to needs of the child could 
mean the stress response system could activate for longer if the child becomes distressed and the 
child may view parents as unreliable resources for stress-regulation (CRH). Additionally, a rejecting 
and hostile emotional climate may exacerbate child distress and of itself become a source of stress 
for the child. In this way, over time the neurological circuitry of the child becomes more sensitive to 
short-term goals and avoids long-term challenge (dopamine), views social resources and support as 
scarce (oxytocin and opiates) and reacts more intensely to distress, frequently encodes the 
environment as dangerous and lowers approach and achievement behaviour from heighted 
uncertainty and anxiety (CRH).  
As can be implicated from the above, and extended to multiple outcome domains e.g., socialisation 
and schooling, the neurological threshold reactivity of a child regarding the dopamine, oxytocin and 
opiate and CRH systems would influence how often, and the strength at which, each system is 
activated given differing levels of warmth and responsive parenting and rejecting and unresponsive 
parenting. Heightened sensitivity in any, or all, of the systems would exacerbate the effects of the 
parenting environment for better (warm and responsive) or worse (rejecting and unresponsive). 
Over time, this interaction between sensitivity to parenting and the association of parenting with the 
biological systems and behavioural development would be consistently strengthened and lead to 
divergent trajectories of child development outcomes.  
These reactivity thresholds relate to the theoretical models in obvious ways. When a child’s 
neurological circuitry aligns towards heightened stress responses, low social integration and short-
term incentive behaviour it may represent a vulnerability for the child such that they develop more 
externalising and internalising behaviours in harsh environments (diathesis stress). Likewise, a 
strengthened motivation and reward system, along with downregulated stress responses may allow 
the child to achieve higher social and emotional outcomes and competence in positive environments 
where social resources are plentiful (vantage sensitivity). Finally, the differential susceptibility 
framework would be realised when these children with heightened sensitivities have either the best 
outcomes when in positive environments or the worse outcomes when in negative environments. 
Thus, neurological sensitivity could reasonably underlie each theoretical model. 
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2.12 Methodological approaches to assessing individual (child characteristics) × environment 
(parenting) models of behavioural development 
2.12.1 Measurement 
Measurement of ‘reactivity’ or ‘sensitivity’ to the environment is central to testing individual × 
environment models. Researchers have variously measured genetic, endophenotypic and phenotypic 
variation as characteristics of sensitivity. Genetic measures of sensitivity have focused on single 
nucleotide polymorphisms (SNPs) and multiple allelic variants (haplotypes) as well as in epigenetic 
marks that regulate gene expression without altering the genotype (Boyce & Kobor 2015; Boyce 
2016; Mitchell et al. 2016). Additionally, recent cases combine several alleles into polygenic scores 
that index multiple polymorphisms (e.g., Stocker et al. 2017). Endophenotypic measures have 
focused on heart rate variability (RSA), biochemical and physiological markers such as cortisol, 
testosterone and skin conductance level (SCL). Measurement of these markers occurs at baseline 
(resting) and in some cases in response to stress to capture system reactivity. Temperament, 
phenotypic measures used to index reactivity include surveys and observations of temperament 
components e.g., negative emotionality, impulsivity, effortful control, inhibition and the difficult 
temperament composites, as well as surveys measuring sensory processing sensitivity (Wachs & 
Grandour 1983; Belsky 2005; Belsky & Pluess 2009). 
To date, studies of individual × environment models of behavioural development predominantly use 
single measures of reactivity. With small exceptions that include measures of both genetic variation 
and temperament (e.g., Davies et al. 2015; Kochanska, Boldt et al. 2015), there has been a lack of 
multisystem reactivity classification. Studies using genetic, endophenotypic and phenotypic 
measures of reactivity limit their evaluation to these domains and characteristics (Moore & Depue 
2016). Moreover, within these domains studies focus on either generalised or singular constructs of 
neural reactivity with varying frequency. 
The ideal approach to delineating sensitivity, however, would be multivariate and include a mixture 
of genetic, endophenotypic and phenotypic measures (Bauer et al. 2002). Though stretched along a 
continuum of measurement type, these measures share a common biological linkage. Genes code 
for the proteins that create structural and functional components of the human endophenotype that 
interact with the environment to create the phenotypical temperament of a child (Figure 2.1). 
Therefore, research may better evaluate these hypotheses by defining and measuring sensitivity in 
multiple biological systems and with multiple indicators within each system (Cicchetti & Dawson 
2002). 
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The empirical results of chapter 3 provide examples of the measurements used to examine how 
reactivity moderates the effects of parenting on child behaviour.  
2.12.2 Statistical method 
The primary approach to assessing evidence for child characteristics moderating the effect of the 
environment on child behavioural outcomes has been to fit a linear regression model to the data and 
include interaction/moderation terms. In these models, the interaction term is the inclusion of a 
covariate that represents a characteristic of the environment (e.g., a scale of responsive parenting 
measured via self-report or observation) multiplied by the moderating characteristic (e.g., parent 
reported child temperament).  
After demonstrating that there is a low probability (e.g., p<0.05) that the interaction parameter is 
equal to zero, the interaction coefficient is explored to interpret implications for child development 
outcomes. 
The historical approach to this exploration was to calculate the simple slopes for the effect of the 
environment and behaviour at several values of the moderating variable e.g., +/- 1 standard 
deviation (Aiken et al. 1991; Roisman et al. 2012). After establishing which simple slopes were 
significant (p<0.05), visual comparison of the slopes would then determine the support the proposed 
theoretical models (Figure 2.2a). 
Recent critiques, however, have advocated regions of significance testing (Dearing & Hamilton 
2006; Preacher et al. 2006; Roisman et al. 2012). Specifically, for example, simple slope analysis 
indicates that there is a statistically significant difference in child development outcomes for 
children with different levels of reactivity (e.g., +/- 1 SD) at some level of parenting. However, it 
does not indicate the level of parenting where children with different levels of reactivity have a 
statistically significant difference in child developmental outcomes. The regions of significance 
(ROS) test overcomes this limitation by testing for an association (a difference) between the child 
development outcome and reactivity at many values of the parenting environment. By doing this 
test, a ROS test can successfully indicate when children with different reactivity have a statistically 
significant difference in child development outcomes given the parenting they experience (Dearing 
& Hamilton 2006; Preacher et al. 2006; Roisman et al. 2012). Thus, combined with visual 
interpretation the ROS test can provide a better indication of support for the theories (Figure 2.2b). 
Several other criteria have also been proposed to enhance interpretation of the interaction model in 
context of the theories. First, by adjusting the p-value significance cut-off criteria for multiple 
comparisons researchers can reduce the chance of mistaking a chance association as a real 
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interaction (Benjamini & Hochberg 1995; Roisman et al. 2012). Specifically, as more interactions 
are tested it becomes more likely that a study may find spurious interactions. These interactions 
may only be random error and not ‘real’ interaction effects. By adjusting for how many interactions 
are tested researchers can reduce the likelihood of making these ‘false-discoveries’. Second, the 
Proportion of the Interaction (POI) index shows how much of the environmental variables range, 
within a specified criteria e.g., +/- 2 SD, is above compared to below the point where the simple 
slope for the moderator at +/- 2 SD the environment crosses (Figure 2.2c). Roisman et al. (2012) 
suggest 0.4 to 0.6 is required for differential susceptibility, though Del Giudice (2017) suggests 0.2 
to 0.8. Third, the Proportion Affected (PA) index is a measure of how many individuals are located 
above or below the score for the environment that the interaction line crosses over irrespective of 
environmental range (Figure 2.2c). Roisman et al. (2012) recommend differential susceptibility 
occurs if PA is greater than 0.16. Fourth, the model should include non-linear environmental or 
non-linear environment × moderator effects as they may better represent the data than an 
interaction with a crossover point (Figure 2.2d). Differential susceptibility is observed when a linear 
interaction remains significant when non-linear effects are added (Roisman et al. 2012). Finally, the 
regression model can be re-parameterised so that it estimates the point at which the interaction 
crosses over and provides a confidence interval for that point that is in effect similar to ROS testing 
(Widaman et al. 2012).  
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Figure 2.2: Updating the exploration of interactions with Regions of Significance (ROS) testing. a) 
Based on simple slope analysis the dashed line is significant and indicates that children scoring 1 
SD higher than the mean reactivity measure have significantly different behaviour to children 
scoring 1 SD below the reactivity average (solid line) at an unknown level of parenting. For 
example, the lower or upper question mark. b) The grey polygons indicate areas of parenting where 
reactive and less-reactive children have significantly different behaviour given parenting. There is 
higher certainty that this interaction supports differential susceptibility. c) The crossover (CO) point 
is a reference to a range of criteria. This includes the Proportion of Interaction (POI) metric which is 
the proportion of the interaction to the right of the CO line (compared to the left) that falls between 
the dashed and solid line using a specified criteria of parenting e.g., +/- 2 SD. The Proportion 
Affected (PA) index is the proportion of children who experience parenting above (to the right of) 
the CO line calculated irrespective of parenting range. d) Including a reactivity by quadratic 
parenting interaction term, in this case, shows that the initial results of differential susceptibility in 
b) and c) were actually from not accounting for the quadratic interaction shape. 
Although these modifications have improved the exploration of interaction effects, there are some 
limitations and assumptions involved in their application. First, these methods can be complicated 
when the form of statistical analysis does not specifically allow these comparisons. For example, 
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Trucco et al. (2016) compare the odds of being included in a latent class associated with high 
externalizing behaviours compared to the odds of being in a latent class with low or decreasing 
externalizing behaviours as a function of a genetic polymorphism and parental monitoring. 
Although this establishes significant difference in class membership, there are no available, to the 
author’s knowledge, equivalents for crossover points and proportional metrics of exposure. Second, 
these methods assume that the interactions are reliable and not an outcome of chance. Although a 
researcher may have adjusted for multiple comparisons, there could have been other decisions that 
influenced the estimated interaction. For example, coding decisions for creating index variables, 
outcome measures tested and reactivity measures included as moderators. Finally, data issues 
common to child development research limit these improvements. For example, deeper interaction 
evaluation does not overcome selection effects or bias from unobserved or non-modelled variables, 
it does not indicate if the model is appropriate for the data, it does not indicate that variables 
included in the models represent the construct of interest and are not the result of measurement error 
and it does not solve issues of observing a limited range of experiences or outcomes (Roisman et al. 
2012). The flow chart in Figure 2.3 further summarises the generalised workflow and assumptions 
of researchers exploring individual × environment interactions. As can be seen, the exploration of 
the interaction remains a last and important step. This exploration, however, entirely depends on the 
preceding data collection, variable choice and modelling strategy being adequate. Without adequate 
study design and evaluation, deeper exploration of interactions is open for inaccuracies. Thus, 
overall, deeper exploration of interactions has improved the quality of interaction probing, but study 
design and evaluation remain very important factors. 
 
Figure 2.3: Flow chart of standard steps in the analysis of individual × environment interaction 
effects.  
 
Step Assumptions 
Collect data 
1) Outcome 
2) Environment 
3) Moderator 
 
Accurate measurements 
Representative of enough experience 
Limited selection bias (cross-sectional) 
Choose variables to include in model 
Results independent of variable and 
processing choices 
Relevant confounders included 
 
Run linear regression with interaction 
 
Model is appropriate 
 
Explore interaction Criteria of Roisman et al. 2012 
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2.14 Summary 
This chapter provided an overview of theory and evidence for individual variation of children in 
response to the environment. The chapter summarised child behaviour, the associations between 
child genetic, endophenotypic and phenotypic characteristics and behaviour, the associations 
between parenting and child behaviour and how child characteristics may act as mechanisms to 
moderate the effect of parenting on behaviour. This summary demonstrated that interactive theories 
of individual × environment effects on child behavioural development have biological and 
psychological validity. However, it also demonstrated that improvements in statistical methodology 
have shaped the evidential concerns of the field. The individual × environment theories are decades 
old, yet methods of measurement and evaluative testing are still emerging.  
Chapter 3 presents evidence for how often and when child reactivity (indexed using child genotype, 
endophenotype, and phenotype) is shown to moderate the effects of parenting on child behavioural 
development consistent with diathesis stress, vantage sensitivity, and differential susceptibility.  
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Chapter 3: Evidence for reactivity mechanisms moderating the effects of parenting on 
children behaviours consistent with the theoretical models 
This chapter provides a systematic review of current measurement and methodologies in assessing 
individual × environment models. Evidence for reactivity mechanisms that moderate the effect of 
parenting on child behaviour are the substantive focus. Empirical support for each of the individual 
× environment models are systematically examined in the light of methodological strategies of 
measurement and analysis and an overview of the association between methodological approach 
findings provided.  
3.1 Method 
This study builds on the systematic review of Rabinowtiz & Drabick (2017) that examined studies 
reporting child reactivity moderating the effects of parenting on child behavioural development. 
Using articles identified by Rabinowtiz & Drabick (2017) as the base, the search terms were 
duplicated to extend to May 1, 2018. The process of literature selection and exclusion is presented 
in Figure 3.1. This chart highlights all the major decisions used to select the sample of 30 articles 
that constitute this review.  
Specifically, Rabinowtiz & Drabick (2017) searched empirical articles from Psychinfo and Google 
Scholar. The search criteria included diathesis stress OR dual risk OR differential susceptibility OR 
vantage sensitivity OR biological sensitivity to context. The date range was from 1997 to November 
8, 2016 to coincide with the seminal differential susceptibility publication of Belsky (1997).  
Article selection was then refined based on outcomes, parenting and the reactivity moderator. 
Articles were included if the outcomes indexed social and emotional competence, defined as 
prosocial behaviours, emotion- or self-regulation, social skills, moral internalization, empathy, and 
behavioural compliance. Internalizing symptoms such as anxiety and depressive symptoms. Or, 
externalizing symptoms (e.g., aggression, self-regulation, noncompliance, antisocial or delinquent 
behaviours). Parenting measures of included articles had to assess parent-child interactions and 
relationships directly (e.g., questionnaires or observations of parent-child interactions). Articles 
were excluded if they measured characteristics of the parent (e.g., maternal negative emotionality), 
broader family processes (e.g., family cohesion), or extreme and non-normative parenting 
behaviour (e.g., maltreatment); used a composite of parenting and other factors (e.g., parenting and 
neighbourhood disadvantage); or included behaviours by non-parents (e.g., non-parental childcare). 
Finally, the reactivity moderator measure had to be genetic, endophenotypic, or phenotypic features 
of the child. 
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Other criteria included that the children were between the ages of 0 to 18; the paper was available in 
English; the study excluded youth and caregivers with psychiatric problems (e.g., attention-
deficit/hyperactivity disorder, maternal depression); the article excluded youth from clinic-based 
samples or youth with potentially restricted generalizability (e.g., youth in foster care); the research 
did not evaluate the efficacy of interventions; and, the investigation used a moderating interaction 
between parenting and child reactivity to predict behavioural outcomes during the developmental 
period of interest (e.g., up to age 18). 
Further criteria included that at a minimum, the study tested whether interaction effects were 
consistent with the diathesis stress and differential susceptibility hypothesis a priori; and, the 
findings were not from meta-analyses as articles included often overlapped with those reviewed. 
Finally, the study had to use a test (e.g., regions of significance; ROS) to identify whether the 
effects of positive and negative parenting on behavioural outcomes were different based on youth 
characteristics. This could be quantified further with simple slope analysis or by the Roisman et al. 
(2012) and Widaman et al. (2012) approaches, but was not necessary. Studies that only used simple 
slopes analyses were excluded. 
The current systematic review then added additional empirical articles by searching Psycinfo as 
Google Scholar did not provide sufficient search capabilities. The search criteria included diathesis 
stress OR dual risk OR differential susceptibility OR vantage sensitivity OR biological sensitivity to 
context. The search covered dates from January 1, 2016 to May 1, 2018. 
Specific inclusion criteria were the same as above; however, studies were excluded if the parenting 
measures were child attachment security or the child's relationship with the parent; studies were 
excluded if interactions were not fully evaluated for one of the theoretical models within the study 
(e.g., an interaction for which the regions of significance was not evaluated); and, studies were 
excluded if the regions of significance results for an interaction had a p-value greater than 0.05. 
In total, using all criteria, 22 studies were obtained from Rabinowtiz & Drabick (2017) and 8 
additional studies were identified. Thus, 30 articles were selected for detailed analysis. 
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Figure 3.1: Article selection process. 
For each of the 30 identified articles analysis was undertaken of methodology including the 
measures of parenting, behaviour, and child characteristic, sample size, gender ratio, and age. The 
key focus when assessing the statistical procedure and reported results was the theoretical model 
supported. Preference fell to the reviewer when there was a discrepancy between the original 
author’s interpretation and that of the reviewer. Table 3.1 shows these discrepancies (n=8).  
Additionally, the Newcastle-Ottawa scale (Wells et al. 2015), an analytical method for rating 
quality of reviewed articles, was applied to develop criteria for assessing reported results. Seven 
criteria were set to grade quality as follows; 
1. Independence of measurement: precedence was given to interactions that had independence 
between measures with the following scores (2=three sources, 1=two sources, 0=one 
information source). Objective, validated observation measures undertaken by trained 
researchers were coded as independent sources of information.  
2.  Adjustment for multiple comparisons: studies adjusting for multiple comparisons were 
assigned a quality score (1=yes, 0=no).  
3. Regions of significance: if an ROS test was performed the interaction scored higher (1=yes, 
0=no).  
4. Sensitivity analysis: interactions in studies that explored the sensitivity of the result to 
different specification of their variables scored higher (2=extensive, 1=some, 0=none).  
5. Detail of visual summaries: studies scored higher if they plotted raw data or partial residuals 
(Fox & Weisberg 2017) with, or separate to, summary graphs (1=yes, 0=no). 
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6. Replicability: the interaction effect scored higher if it was consistent across different ages, 
outcomes, child characteristics or parenting environments examined in the study (1=yes, 
0=no). This was applied quite conservatively, requiring extensive consistency for a ‘yes’.  
7. Approach to missing data: if studies performed a sensitivity analysis for the method used to 
account for missing data they scored higher (1=yes, 0=no).  
Some studies only assessed one child × parenting interaction predicting behaviour or no had 
missing data. These interactions were not scored for replicability or missing data.  
3.2 Results 
3.3 Description of reviewed studies 
Table 3.1 lists the studies examined in the review. The analysis of studies detailed in Table 3.1 
focuses on the interactions claimed as evidence for one of the 3 individual × environment theories. 
In total, 86 interactions were identified by the reviewer to contain adequate evidence. Note, 
however, three of these interactions provided evidence for a fourth, unique model of one-way 
contrastive effects (Figure 3.2). One-way contrastive effects occur when the moderated effect of the 
environment is consistent with diathesis stress for one group e.g., children with a difficult 
temperament, whilst it is consistent with vantage sensitivity for the other group, e.g., children with 
an easy temperament. Although these one-way contrastive effects might be reported as separate 
instances of diathesis stress or vantage sensitivity, they are reported together in this review. 
Additionally, four interactions from Sulik et al. (2015) came from two, three-way interactions 
between gender × reactivity × parenting. Specifically, each of these three-way interactions counted 
as two separate interactions because significant two-way components were estimated.  
Some interactions reported had a p-value less than 0.05 yet were non-significant after adjusting for 
multiple comparisons. These adjusted non-significant interactions were excluded as per the 
interpretation within each paper. 
3.3.1 Child behavioural outcomes 
Nearly all significant interactions (78) used survey measures of behavioural outcome, whilst only 6 
used observations and 2 used surveys and observations. Respondents for the surveys, in findings of 
significant interactions, were either the parents, teacher or child. Some studies combined ratings 
from multiple respondents.  
Significant interactions were most frequent (n=42) when the dependent variable was externalizing 
behaviours. Measures of externalizing included proactive and reactive aggression (6), aggression 
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(1), antisocial behaviours (2), self-regulated compliance (1), cooperation with parental monitoring 
(1), effortful control (5), callous and unemotional behaviour (1), non-compliance (4), hostility (1), 
inhibitory control (2), behaviour regulation (1), conduct problems (1) and general externalizing 
behaviour composites (17).  
Significant interactions were also found when pro-social behaviours were the dependent variable 
(n=19). Measures of prosocial behaviour included social competence (11), internalisation of adult 
values (1), moral internalisation (1), empathic concern (2), empathetic prosocial behaviour (1) and 
general prosocial behaviours or skills (3). 
When internalising behaviours were the dependent variable, 18 significant interactions were 
observed. Measures included depression (6), anxiety (2), social anxiety (3) and general internalizing 
behaviour composites (7).  
Some significant interactions also were reported for composites of maladjustment that combined 
externalising and internalising behaviours into one scale (7). 
3.3.2 Parenting measures 
Over half of the parenting measures in significant interactions derived from observation (48), whilst 
36 used survey report measures and 2 used both survey and observation.  
Multiple measures of parenting were operationalised in the interactions. Measures of a positive 
parenting environment included maternal sensitivity (18), maternal warmth (1), maternal affection 
(1), parental/maternal responsiveness (6), a combination of maternal sensitivity and warmth (9), a 
combination of maternal warmth and reasoning (5), responsive-supportive parenting (1), 
encouragement of autonomy (1), maternal/paternal/parental positive parenting (8), 
maternal/paternal/parental mutually responsive orientation (4), parental/maternal parenting quality 
(8), parental support (1), proactive control (1) and parental monitoring (1). Measures of the negative 
parenting environment included harsh discipline/parenting (4), parental/maternal negative parenting 
(6), negative interactions with parents (2), maternal/paternal psychological control (4), 
parental/maternal power assertive control (3), maternal harsh intrusion (1) and paternal behavioural 
control (1). 
3.3.3 Moderating reactivity characteristics 
What is apparent from these summary statistics is that studies have operationalised reactivity using 
an extensive variety of measures. Most significant interactions used genetic measures (38) or report 
measures of temperament (32) to operationalise reactivity. Genetics measures and temperament 
observations were combined in 3 significant interactions, whilst another 3 only used observations of 
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temperament. Endophenotypic measurements were the measure of reactivity in 10 significant 
interactions.  
Measures of genetics employed in studies showing significant interactions used SNP’s or 
haplotypes (37 which includes the 3 interactions that also used observed temperament). The genetic 
components examined focused on several systems that may indicate reactivity including dopamine 
(DRD4 exon 3 variable repeat=3; DRD2 rs1800497=2; DAT1 SLC6A3 haplotypes = 3; DAT1 
(rs27072 + rs40184 = 1); COMT val158met=6), serotonin (5-HTTLPR=6; 5-HTTLPR + STin2 10- 
12- repeat = 3; MAOA (rs6323=2, T941G=2)), oxytocin (OXT rs2770378=2, OXT rs4813625=1), 
BDNF (val66met=2), OPRM (rs1799971=3) and GABA (GABRA-2 rs279827 = 1). Similar genes 
where used in the 4 interactions that used a polygenic score consisting of 5-HTTLPR rs25531, 
Taq1A rs1800497 in ANKK1/DRD2, DRD4 and val158met rs4680 in COMT. 
Measures of temperament employed in studies showing significant interactions operationalised the 
construct in several ways. Difficult temperament composites were used most often with a total of 14 
significant interactions. Individual temperament components were also used. These individual 
components included behavioural withdrawal (6 interactions), negative emotionality (4), 
temperamental flexibility (2), impulsivity (1), effortful control (1), uninhibited temperament (1) and 
unadaptable temperament (1). Moreover, 5 interactions operationalised reactivity using a measure 
of sensory processing sensitivity. This assesses sensitivity to the environment with items such as my 
child finds it unpleasant to have a lot going on at once (Pluess et al. 2018; Pluess & Boniwell 2015; 
Slagt et al. 2018). Though not strictly a measure of temperament, the measure correlated with 
negative emotionality (r=0.43) and will be considered within the suite of report-measures of 
temperament. The study combining observations of temperament and genetic measures (3 
interactions) used anger proneness as its measure of temperament. Temperament survey measures 
were primarily completed by parents (26), though 6 were completed by teachers. 
Endophenotypic measures of reactivity employed in studies showing significant interactions 
included Respiratory Sinus Arrhythmia (3; RSA; parasympathetic nervous system), cortisol (2; 
adrenocortical), testosterone (3) and skin conductance level (2; sympathetic nervous system) and 
were confined to individual studies. 
In sum, studies applied a diversity of measures of reactivity, across and within genetic, self-report 
of temperament, and endophenotypic assessments.
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Table 3.1: Evidence for the theoretical models from the reviewed studies. Column test indicates the number of interactions tested within the study 
using a similar child characteristic, sig refers to the number of significant interactions, B is the broad behavioural construct (PS=pro-social, 
I=Internalizing, E=Externalizing, IE=internalizing and externalizing), Theo indicates the theoretical model supported (DA=diathesis stress, 
DS=differential susceptibility, VS=vantage sensitivity, CE1=one-way contrastive effects, CE2=two-way contrastive effects) with claimed theory in 
brackets, a = independence of measures (0 = one information source, 1 = two sources, 2 = three sources), b = was result adjusted for multiple 
comparisons (1=yes, 0=no), c = was a regions of significance test performed (1=yes, 0=no), d = was a sensitivity analysis performed for how variables 
were created (2=extensive, 1=some, 0=none, *=only single interaction tested), e = was data plotted with, or separate to, summary graphs (1=yes, 
0=no), f =was the effect consistent across different ages, outcomes, child characteristics or parenting environments in the study (1=yes, 0=no) and g = 
was sensitivity analysis performed for the method used to account for missing data (1=yes, 0=no, *=complete sample available). Codes for information 
types include O=observation, S=survey, G=genotype, P=parent, M=mother, F=father, C=child, T=teacher SL=saliva, ECG=electrocardiogram, 
EL=electrodermal testing and RSA=respiratory sinus arrhythmia. Codes of outcomes include Int=intercept, Ch=change, S=slope, G=grade, 
K=kindergarten, L=longitudinal rounded down for age lower limit and up for age upper limit and CMP=complete information.  
    Child characteristics Parenting Behavioural outcome   Quality of analysis 
Study Age, n, %male Test Sig Type Scale Type Scale Type B Scale Theo P-value a b c d e f g 
Belsky et al. 
(2015) 
2–15L; 1695; 
52% boys 52 3 G 
OPRM1 rs1799971 A/A (reactive) vs G/G & 
G/A (non-reactive) O (M) Sensitivity S, P (M) PS 
Social competence 
(Int) DS 0.02 2 1 1 0 0 0 0 
Belsky et al. 
(2015)  52 3 G 
OPRM1 rs1799971 A/A (reactive) vs G/G & 
G/A (non-reactive) O (M) Sensitivity S, T PS 
Social competence 
(Int) DA 0.02 2 1 1 0 0 0 0 
Belsky et al. 
(2015)  52 3 G 
OPRM1 rs1799971 A/A (reactive) vs G/G & 
G/A (non-reactive) O (M) Sensitivity S, T IE 
Internalizing & 
Externalizing (Int) DA 0.03 2 1 1 0 0 0 0 
Cao et al. 
2016 
(translated) 
12–15L; 
1328; 51.2% 
boys  
4 2 G MAOA rs6323 T/T (non-reactive) vs. G/G (reactive) (girls) S, P (M) 
Encouragement of 
autonomy S, C I Depression DS <0.01 2 1 1 * 0 0 0 
Cao et al. 
2016 (Trans.) 
 4 2 G MAOA rs6323 T/T (non-reactive) vs. G/G (reactive) (girls) S, P (M) Warmth S, C I Depression DS 0.01 2 1 1 * 0 0 0 
Chen et al. 
2018 
11.9; 445; 
50% boys 4 3 SL Testosterone (boys) (high) S, C&P Harsh discipline S, P E 
Pro-active 
aggression DA <0.01 1 0 1 0 0 0 0 
Chen et al. 
2018  4 3 SL Testosterone (boys) (high) S, C&P Harsh discipline S, P E Reactive aggression 
VS 
[DS] <0.05 1 0 1 0 0 0 0 
Chen et al. 
2018  4 3 SL Testosterone (girls) (high) S, C&P Harsh discipline S, P E 
Pro-active 
aggression DS <0.01 1 0 1 0 0 0 0 
Chen, Yu, et 
al. (2015) 
13.6; 780; 
49% boys 1 1 G 
BDNF val66met val/val or val/met (non-
reactive) vs met/met (reactive) S, C (M) 
Warmth and 
reasoning S, C I Anxiety DS <0.05 1 0 1 0 0 1 0 
Cho et al. 
(2016) 
13.46; 309; 
46% boys 1 1 G 
DRD4 long (1 allele >= 7 repeat; reactive) vs 
short (both alleles <= 6 repeat; non-reactive) S, P 
Responsive-
supportive 
parenting 
S, T E Behaviour regulation DS <0.05 2 0 1 0 0 1 0 
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Table 3.1 continued 
    Child characteristics Parenting Behavioural outcome   Quality of analysis 
Study Age, n, %male Test Sig Type Scale Type Scale Type B Scale Theo P-value a b c d e f g 
Davies et al. 
(2015) 
2.2; 201; 
56% boys 4 1 G 
DAT1 rs27072 and rs40184 C/C alleles 
(reactive) vs C/T and T/T (non-reactive) 
(composite 0-2 via C/C = 1, C/T or T/T = 0) 
S&O, 
R&P 
(M) 
Responsiveness S&O, R E Anti-social behaviour (Ch) DA <0.05 2 0 1 0 0 0 0 
Davies et al. 
(2015) 
 2 1 O Uninhibited temperament (high) 
S&O, 
R&P 
(M) 
Responsiveness S&O, R E Anti-social behaviour (Ch) DA <0.05 2 0 1 0 0 0 0 
Gallitto 
(2015) 
6.50; 2631; 
49% boys 4 2 S, P Unadaptable temperament (high) S, P Positive parenting S, P I Internalizing DA <0.05 0 0 1 * 0 0 0 
Gallitto 
(2015) 
 4 2 S, P Difficult temperament (high) S, P Positive parenting S, P E Externalizing DA <0.001 0 0 1 * 0 0 0 
Janssens et al. 
(2016) 
13.76; 985; 
51% boys 240 1 G 
DRD4 long (1 allele >= 7 repeat; reactive) vs 
short (both alleles <= 6 repeat; non-reactive) S, P Proactive control S, P E Aggression DS <0.001 1 1 1 0 0 0 0 
Kim & 
Kochanska 
(2012) 
2.1; 102; 
50% boys 4 2 O Negative emotionality (high) O (M) 
Mutually 
responsive 
orientation 
O E Self-regulated compliance DS <0.05 2 0 1 0 0 0 
 
Kim & 
Kochanska 
(2012) 
 4 2 O Negative emotionality (high) O (M) 
Mutually 
responsive 
orientation 
O E Effortful control DS <0.05 2 0 1 0 0 0 * 
King et al. 
(2016) 
1.5; 63; 48% 
boys 1 1 G 
DRD4 exon 3 long (1 allele >= 7 repeat; 
reactive) vs short (both alleles <= 6 repeat; 
non-reactive) 
O (M) Sensitivity S, P (M) E Externalizing DA 0.023 2 0 1 0 0 0 * 
Kochanska et 
al. (2011) 
5.6; 101; 
50% boys 2 2 G 
5-HTTLPR s/s or s/l alleles (reactive) vs l/l 
(non-reactive) O (M) Responsiveness O PS Moral internalization DS <0.01 2 0 1 0 0 0 * 
Kochanska et 
al. (2011) 
 2 2 G 5-HTTLPR s/s or s/l alleles (reactive) vs l/l (non-reactive) O (M) Responsiveness 
S, P 
(M&F) PS Social competence DA <0.05 2 0 1 0 0 0 * 
Kochanska, 
Boldt, et al. 
(2015) 
10; 102; 50% 
boys 6 3 G&O 
Biobehavioural risk (5-HTTLPR s/s or s/l and 
high proneness to anger (reactive) vs l/l and 
low anger proneness (non-reactive) 
O 
(M&F) 
Mutually 
responsive 
orientation 
S, P 
(M&F) E 
Cooperation with 
parental monitoring DA <0.05 2 0 1 0 0 0 0 
Kochanska, 
Boldt, et al. 
(2015) 
 6 3 G&O 
Biobehavioural risk (5-HTTLPR s/s or s/l and 
high proneness to anger (reactive) vs l/l and 
low anger proneness (non-reactive) 
O 
(M&F) 
Power-assertive 
parenting S, C PS 
Internalization of 
adult values DA <0.05 2 0 1 0 0 0 0 
Kochanska, 
Boldt, et al. 
(2015) 
 6 3 G&O 
Biobehavioural risk (5-HTTLPR s/s or s/l and 
high proneness to anger (reactive) vs l/l and 
low anger proneness (non-reactive) 
O 
(M&F) 
Power-assertive 
parenting 
S, P 
(M&F) E 
Callous–
Unemotional 
behaviour 
DA <0.025 2 0 1 0 0 0 0 
Kochanska, 
Brock et al. 
(2015) 
8–10L; 102; 
50% boys 8 2 EL Skin conductance level (low) O (M) 
Power-assertive 
control S, P (M) E Externalizing DA <0.05 2 0 1 0 0 0 0 
Kochanska, 
Brock et al. 
(2015) 
 8 2 EL Skin conductance level (low) O (F) 
Mutually 
responsive 
orientation 
S, P (F) E Externalizing DS <0.025 2 0 1 0 0 0 0 
Li, Sulik et al. 
(2016) 
2.5–4.5L; 
145; 54% 
boys 
3 3 G 
SLC6A3 haplotype 1: Intron8 A/A or A/G and 
Intron 13 A/G or G/G (reactive) vs Intron8 G/G 
and Intron 13 A/A (non-reactive) 
O (M) Parenting quality O E Effortful control DA <0.05 2 0 1 1 0 1 0 
Li, Sulik et al. 
(2016)  3 3 G 
SLC6A3 haplotype 2: Intron8 A/A or A/G and 
3'UTR VNTR- 10/09 or 10/10 (non-reactive) vs 
Intron8 G/G and 3'UTR VNTR 09/09 (reactive) 
O (M) Parenting quality O E Effortful control DA <0.05 2 0 1 1 0 1 0 
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Table 3.1 continued 
    Child characteristics Parenting Behavioural outcome   Quality of analysis 
Study Age, n, %male Test Sig Type Scale Type Scale Type B Scale Theo P-value a b c d e f g 
Li, Sulik et al. 
(2016) 
2.5–4.5L; 
145; 54% 
boys 
3 3 G 
SLC6A3 haplotype 3: Intron 13 G/G and 3'UTR 
VNTR- 10/10 (non-reactive) vs Intron 13 A/A 
or A/G and 3'UTR VNTR-10/09 or 09/09 
(reactive) 
O (M) Parenting quality O E Effortful control DA <0.05 2 0 1 1 0 1 0 
Olofsdoter et 
al. (2018) 
17.3; 1359; 
40.6% boys 4 3 G 
OXT rs2770378 G/G=0 (non-reactive) vs 
G/A=1,A/A=2 (reactive) S, C 
Negative 
parenting S, C I Social anxiety DA <0.05 1 0 1 0 0 0 0 
Olofsdoter et 
al. (2018)  4 3 G 
OXT rs4813625 G/G=0 (non-reactive) vs 
G/C=1, C/C=2 (reactive) S, C Positive parenting S, C I Social anxiety DS <0.001 1 0 1 0 0 0 0 
Olofsdoter et 
al. (2018)  4 3 G 
OXT rs2770378 G/G=0 (non-reactive) vs 
G/A=1,A/A=2 (reactive) S, C Positive parenting S, C I Social anxiety DA <0.05 1 0 1 0 0 0 0 
Rabinowitz et 
al. (2016) 
12.99; 775; 
71% boys 8 2 S, P (M) Temperamental flexibility (low) S, C (F) Positive parenting S, P (F) E Externalizing DA <0.005 2 1 1 0 0 0 0 
Rabinowitz et 
al. (2016) 
 8 2 S, P (M) Temperamental flexibility (low) S, C (F) Positive parenting S, P (F) I Internalizing DA <0.005 2 1 1 0 0 0 0 
Roisman et al. 
(2012) 
5–11L; 1306; 
52% boys 35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T IE 
Internalizing & 
Externalizing (Int) DS 0.005 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T IE 
Internalizing & 
Externalizing (G1) DS 0.012 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T IE 
Internalizing & 
Externalizing (G4) DA 0.004 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T IE 
Internalizing & 
Externalizing (G5) DS 0.002 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, P (M) PS 
Social competence 
(Int) DA 0.019 1 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, P (M) PS 
Social competence 
(K) DA 0.008 1 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, P (M) PS 
Social competence 
(G1) DA 0.013 1 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, P (M) PS 
Social competence 
(G3) DA 0.017 1 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T PS 
Social competence 
(Int) DS <0.001 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T PS 
Social competence 
(G1) DS 0.003 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T PS 
Social competence 
(G2) DS 0.002 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T PS 
Social competence 
(G4) DA 0.005 2 1 1 0 0 0 0 
Roisman et al. 
(2012)  35 13 S, P (M) Difficult temperament (high) O (M) Sensitivity S, T PS 
Social competence 
(G5) DS 0.003 2 1 1 0 0 0 0 
Slagt et al. 
(2016b) 
10; 120; 46% 
boys 12 3 
S, P 
(M&F) Negative emotionality (high) 
O 
(M&F) Harsh parenting 
S, P 
(M&F) PS Prosocial behaviour DA <0.05 1 0 1 0 0 0 0 
Slagt et al. 
(2016b)  12 3 
S, P 
(M&F) Impulsivity (high) 
O 
(M&F) 
Parental 
responsiveness 
S, P 
(M&F) E Externalizing DA <0.05 1 0 1 0 0 0 0 
Slagt et al. 
(2016b)  12 3 
S, P 
(M&F) Effortful control (low) 
O 
(M&F) 
Parental 
responsiveness 
S, P 
(M&F) E Externalizing VS <0.05 1 0 1 0 0 0 0 
Slagt et al. 
2018 
4.78; 264; 
52.9% boys 32 5 S, P (M) Sensory processing sensitivity (high) S, P (M) 
Negative 
parenting (I) S, T E Externalizing (S) VS <0.05 1 0 1 0 0 0 0 
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    Child characteristics Parenting Behavioural outcome   Quality of analysis 
Study Age, n, %male Test Sig Type Scale Type Scale Type B Scale Theo P-value a b c d e f g 
Slagt et al. 
(2018) 
4.78; 264; 
52.9% boys 32 5 S, P (M) Sensory processing sensitivity (high) S, P (M) 
Negative 
parenting (S) S, T E Externalizing (Int) VS <0.01 1 0 1 0 0 0 0 
Slagt et al. 
(2018)  32 5 S, P (M) Sensory processing sensitivity (high) S, P (M) 
Negative 
parenting (S) S, T E Externalizing (S) 
CE2 
[DS] <0.01 1 0 1 0 0 0 0 
Slagt et al. 
(2018)  32 5 S, P (M) Sensory processing sensitivity (high) S, P (M) 
Positive parenting 
(S) S, T E Externalizing (Int) VS <0.05 1 0 1 0 0 0 0 
Slagt et al. 
(2018)  32 5 S, P (M) Sensory processing sensitivity (high) S, P (M) 
Positive parenting 
(S) S, T E Externalizing (S) 
CE2 
[DS] <0.01 1 0 1 0 0 0 0 
Stocker et al. 
(2017) 
12–14L; 323; 
45% boys 4 4 GP Polygenic sensitivity 
O 
(M&F) Parenting quality S, C I Depression (Ch) DS 0.03 2 0 1 1 0 0 0 
Stocker et al. 
(2017)  4 4 GP Polygenic sensitivity 
O 
(M&F) Parenting quality S, C I Anxiety (Ch) DS 0.02 2 0 1 1 0 0 0 
Stocker et al. 
(2017)  4 4 GP Polygenic sensitivity 
O 
(M&F) Parenting quality S, C E Hostility (Ch) 
CE2 
[DS] 0.001 2 0 1 1 0 0 0 
Stocker et al. 
(2017)  4 4 GP Polygenic sensitivity 
O 
(M&F) Parenting quality S, C IE 
Internalizing & 
Externalizing (Ch) 
CE2 
[DS] 0.0015 2 0 1 1 0 0 0 
Stoltz et al. 
(2017) 
5–12L; 129; 
48–51%CMP 
boys 
2 1 S, P (M) Negative affectivity (high) O Parenting quality S, T E Externalizing DA <0.05 2 0 1 0 0 0 1 
Sulik et al. 
(2012) 
4.5; 138; 
52% boys 28 4 G 
5-HTTLPR SLC6A4 l/l (reactive) vs s/s and s/l 
(non-reactive) O (M) 
Sensitivity-
warmth S, P E 
Non-compliance 
(Int) DS <0.01 2 0 1 1 0 0 0 
Sulik et al. 
(2012)  28 4 G 
5-HTTLPR l/l alleles and STin2 10- and 12-
repeat alleles halpotype (combination of 
halpotype groups) L10-L12 (reactive) vs S10 
(non-reactive) vs S12 (non-reactive) 
O (M) Sensitivity-warmth S, P E 
Non-compliance 
(Int) DS 
L10-L12 
vs S10 = 
<0.01 
2 0 1 1 0 0 0 
Sulik et al. 
(2012)  28 4 G 
5-HTTLPR l/l alleles and STin2 10- and 12-
repeat alleles halpotype (combination of 
halpotype groups) L10-L12 (reactive) vs S10 
(non-reactive) vs S12 (non-reactive) 
O (M) Sensitivity-warmth S, P E 
Non-compliance 
(Int) DS 
L10-L12 
vs S12 = 
<0.05 
2 0 1 1 0 0 0 
Sulik et al. 
(2012)  28 4 G 
5-HTTLPR s/s alleles and STin2 10-repeat allele 
halpotype (combination of halpotype groups) 
S10 (reactive) vs S12 (non-reactive) vs L10-L12 
(non-reactive) 
O (M) Sensitivity-warmth S, P E Non-compliance (S) DS 
S10 vs 
L10-L12 
<0.05 
2 0 1 1 0 0 0 
Sulik et al. 
(2015) 
4.5; 145; 
54% 8 5 G 
COMT val158met met/met (reactive) vs 
met/val and val/val (non-reactive) (boys) O (M) 
Sensitivity-
warmth S, P I Internalizing 
DA 
(boys) <0.01 2 0 1 0 0 0 0 
Sulik et al. 
(2015)  8 5 G 
COMT val158met val/met or val/val (reactive) 
vs met/met (non-reactive) (girls) O (M) 
Sensitivity-
warmth S, P I Internalizing 
DA 
(girls) <0.01 2 0 1 0 0 0 0 
Sulik et al. 
(2015)  8 5 G 
COMT val158met met/met (reactive) vs 
met/val & val/val (non-reactive) (boys) O (M) 
Sensitivity-
warmth S, P (M) E Inhibitory control 
VS 
(boys) <0.01 2 0 1 0 0 0 * 
Sulik et al. 
(2015)  8 5 G 
COMT val158met val/met or val/val (reactive) 
vs met/met (non-reactive) (girls) O (M) 
Sensitivity-
warmth S, P (M) E Inhibitory control 
VS 
(girls) <0.01 2 0 1 0 0 0 * 
Sulik et al. 
(2015)  8 5 G 
COMT val158met val/met or val/val (reactive) 
vs met/met (non-reactive) (girls) O (M) 
Sensitivity-
warmth S, P (M) E Effortful control 
VS 
(girls) <0.05 2 0 1 0 0 0 * 
Trucco et al. 
(2015) 
12–17L; 504; 
71% boys 1 1 G 
GABRA-2 rs279827 G/G (reactive) vs A/A and 
A/G (non-reactive) S, C 
Parental 
monitoring S, C E Externalizing DS <0.05 1 0 0 0 0 1 0 
Van der 
Graaff et al. 
(2016) 
17.04; 379; 
56% boys 16 3 ECG RSA baseline (lower) (girls) 
S, C 
(M&F) 
Parental negative 
interactions S, C E Externalizing DS <0.05 1 0 1 0 0 0 0 
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Table 3.1 continued 
    Child characteristics Parenting Behavioural outcome   Quality of analysis 
Study Age, n, %male Test Sig Type Scale Type Scale Type B Scale Theo P-value a b c d e f g 
Van der 
Graaff et al. 
(2016)  
17.04; 379; 
56% boys 16 3 ECG RSA baseline (higher and lower) (boys) 
S, C 
(M&F) 
Parental negative 
interactions S, C PS Empathic concern 
CE1 
[DA 
(high) 
VS 
(low)] 
<0.01 1 0 1 0 0 0 0 
Van der 
Graaff et al. 
(2016) 
 16 3 ECG RSA baseline (higher) (girls) S, C (M&F) Parental support S, C PS Empathic concern DA <0.05 1 0 1 0 0 0 0 
Wagner et al. 
(2017) 
0.5–8L; 
1234; 43% 
boys 
18 2 SL Baseline cortisol (higher) O (M) Harsh intrusion S, P (M) PS Empathetic-prosocial behaviour DA <0.05 2 0 1 0 0 0 0 
Wagner et al. 
(2017) 1 18 2 SL Cortisol reactivity (higher) O (M) Sensitivity S, P (M) E Conduct problems VS <0.05 2 0 1 0 0 0 0 
Zarra-Nezhad 
et al. (2014) 
6; 314; 52% 
boys 18 6 S, T Behavioural withdrawal (high) S, P (M) Affection S, T E Externalizing DA <0.05 1 0 1 0 0 0 0 
Zarra-Nezhad 
et al. (2014)  18 6 S, T Behavioural withdrawal (high) S, P (M) 
Psychological 
control S, T I Internalizing DA <0.05 1 0 1 0 0 0 0 
Zarra-Nezhad 
et al. (2014)  18 6 S, T Behavioural withdrawal (high) S, P (M) 
Psychological 
control S, T E Externalizing DA <0.05 1 0 1 0 0 0 0 
Zarra-Nezhad 
et al. (2014)  18 6 S, T Behavioural withdrawal (high) S, P (M) 
Psychological 
control S, T PS Pro-social skills DA <0.05 1 0 1 0 0 0 0 
Zarra-Nezhad 
et al. (2014)  18 6 S, T Behavioural withdrawal (high and low) S, P (F) 
Behavioural 
control S, T I Internalizing 
CE1 
[DA 
(high) 
VS 
(low)] 
<0.05 1 0 1 0 0 0 0 
Zarra-Nezhad 
et al. (2014)  18 6 S, T Behavioural withdrawal (high and low) S, P (F) 
Psychological 
control S, T I Internalizing 
CE1 
[DA 
(high) 
VS 
(low)] 
<0.001 1 0 1 0 0 0 0 
Zhang et al. 
(2015) 
11–12L; 
1026; 50% 
boys 
6 2 G DRD2 rs1800497 A1/A1 and A1/A2 (reactive) vs A2/A2 (non-reactive) S, P (M) 
Negative 
parenting S, C I Depression DS 0.034 2 1 1 0 0 0 0 
Zhang et al. 
(2015) 
 6 2 G DRD2 rs1800497 A1/A1 and A1/A2 (reactive) vs A2/A2 (non-reactive) S, P (M) 
Negative 
parenting S, C I Depression DS 0.049 2 1 1 0 0 0 0 
Zhang, Cao et 
al. 2016 
12.32; 1399; 
53% boys 12 3 G 
MAOA T941G T (reactive) vs G (non-reactive) 
allele (boys) S, P (M) 
Warmth and 
reasoning S, T E Reactive aggression DS <0.05 2 0 1 0 0 0 0 
Zhang, Cao et 
al. 2016  12 3 G 
MAOA T941G T/T (reactive) vs G/G (non-
reactive) (girls) (T/G excluded) S, P (M) 
Warmth and 
reasoning S, T E Reactive aggression DS <0.01 2 0 1 0 0 0 0 
Zhang, Cao et 
al. 2016  12 3 G 
COMT val158met val/val (non-reactive) vs 
val/met and met/met (reactive) S, P (M) 
Warmth and 
reasoning S, T E Reactive aggression DS <0.01 2 0 1 0 0 0 0 
Zhang, Li et 
al. 2016 
13.60; 780; 
49% boys 2 1 G 
BDNF val66met: val/val or val/met (reactive) 
vs met/met (non-reactive) S, C (M) 
Warmth and 
reasoning S, C I Depression DS 0.03 1 0 1 1 0 0 0 
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3.4 Evidence for the each individual × environment theory 
In total 542 interactions were evaluated, however, only 86 evidenced significant effects. Thus, 456 
interactions did not provide evidence to support one of the individual × environment theories. Two 
studies, however, contribute substantially to non-findings. Janssens et al. (2016) estimated 240 
interactions and found only one result, while Belsky et al. (2015) performed a deliberate exploratory 
study involving 52 interactions assessing parenting, child behaviour, and candidate genes and found 
three interactions. Excluding these studies reduces the number of significant interactions to 82 and 
the number of non-significant interactions to a more reasonable 168 (456-49-239). Regardless, 
finding insufficient evidence to support one of the theoretical models appears to be the norm. 
Of the 86 significant interactions, 37 (45%) supported diathesis stress, 33 (37%) supported 
differential susceptibility, and 9 (13%) supported vantage sensitivity. The generalised findings 
demonstrate a leniency towards diathesis stress and differential susceptibility hypotheses. 
Additionally, 3 (3%) interactions evidenced one-way contrastive effects and 4 (5%) an alternative 
hypothesis of two-way contrastive effects. Figure 3.2 illustrates all models for clarity 
In the one-way contrastive model, the effect of the environment is conditionally reversed, yet 
reactive children fair for worse. Specifically, the moderated effect of the environment is consistent 
with diathesis stress in negative environments for the reactive group, whilst it is consistent with 
vantage sensitivity for the non-reactive group in the negative environments which become 
conditionally positive. On the other hand, in the two-way contrastive model the effect of the 
environment is entirely reversed depending on the child’s level of reactivity. What is positive for 
the so-labelled reactive child is negative for the non-reactive child, whilst what is negative for the 
reactive child is positive for the non-reactive child (Belsky et al. 2007).  
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Figure 3.2: Theoretical models for which empirical evidence was found; a) diathesis stress, b) 
vantage sensitivity, c) differential susceptibility, d) one-way contrastive effects, and e) two-way 
contrastive effects. Reactive children are the dashed, red line. Regions within the grey rectangle are 
where child reactivity has a statistically significant effect on behaviour given the parenting value.  
3.4.1 Evidence for diathesis stress 
Several diathesis stress effects using either temperament, endophenotypic or genetic characteristics 
as the moderator and examples are provided here. Roisman et al. (2012) found children reported as 
difficult temperaments consistently had lower parent rated social competence when maternal 
sensitivity was low compared to non-difficult counterparts. When maternal sensitivity was high, 
children with difficult and easy temperaments were equivalent regarding social competence. 
Likewise, Gallitto (2015) found children with difficult temperaments had more externalising 
behaviours when there was a lack of positive parenting compared to children with easy 
temperaments, and children of easy or difficult temperament given the parenting environment was 
positive. Further, Zarra-Nezhad et al. (2014) demonstrated children high in behavioural withdrawal 
had more internalising behaviours when paternal and maternal psychological control was high 
compared to children low on behavioural withdrawal or children exposed to low levels of paternal 
and maternal psychological control. 
Turning to the endophenotype, diathesis stress effects were observed where boys high in 
testosterone exposed to harsh parental discipline had higher proactive aggression (Chen et al. 2008), 
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girls with a higher baseline RSA exposed to low parental support had reduced empathic concern 
(Van der Graff et al. 2016) and children with a high baseline cortisol exposed to harsh maternal 
intrusion had fewer empathic-prosocial behaviours (Wagner et al. 2017). For each of these results, 
children not exposed to the parenting or who had opposite levels of the moderating characteristic 
performed equivalently better. 
Genotypic examples of diathesis stress include children with the DRD4 seven repeat allele having 
more externalising behaviours in context of low maternal sensitivity (King et al. 2016), children 
with the 5-HTTLPR s/s or s/l allele having less social competence in context of low maternal 
responsiveness (Kochanska et al. 2011) and children with the OXT A/A allele having more social 
anxiety in the context of negative parenting or an absence of positive parenting (Olofsdoter et al. 
2018). As before, children not exposed to negative parenting or with different alleles for the 
moderating genotype performed equivalently better. 
There are also examples of diathesis stress using a measure of genotypic and temperamental 
sensitivity. Specifically, children with the 5-HTTLPR s/s or s/l allele who were also prone to anger 
had lower internalisation of adult values and more callous-unemotional behaviour in context of 
more power-assertive parenting, as well as less cooperation with parental monitoring when parental 
mutually responsive orientation was low. This is in comparison to children who did not experience 
such parenting or had the l/l allele. 
3.4.2 Evidence for differential susceptibility 
Evidence for differential susceptibility was found using temperament, endophenotypic and 
genotypic markers of sensitivity, some examples are presented here. In terms of temperament, 
Roisman et al. (2012) found children high in difficult temperament consistently had fewer teacher 
rated internalising and externalising behaviours and more teacher rated social competence in higher 
maternal sensitivity environments compared to children with easy temperaments, however, the 
children with difficult temperaments had more internalising and externalising behaviours and less 
social competence when maternal sensitivity was low. Likewise, Kim and Kochanska (2012) found 
children observed to have high negative emotionality had either the lowest self-regulated 
compliance and effortful control when maternal mutually responsive orientation was low, compared 
to low emotionality children, or the highest self-regulated compliance and effortful control when 
maternal mutually responsive orientation was high. 
In terms of the endophenotype and differential susceptibility, children with a low skin conductance 
level had either the lowest externalising behaviours if paternal mutually responsive orientation was 
high or the most externalising behaviours if paternal usually responsive orientation was low 
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(Kochanska, Brock et al. 2015). Children with a higher skin conductance level were less affected by 
paternal mutually responsive orientation. In similar terms, girls with a higher level of testosterone 
had the lowest level of proactive aggression when harsh parental discipline was minimal but the 
highest level of proactive aggression when harsh parental discipline was high, girls with a low level 
of testosterone were less affected by harsh parental discipline (Chen et al. 2018). Girls with a low 
baseline RSA had the most externalising behaviours if parental negative interactions were high but 
the least number of externalising behaviours if parental negative interactions were minimal, girls 
with a high baseline RSA were less affected by parental negative interactions (Van der Graaff et al. 
2016). 
Genotypic evidence for differential susceptibility was also found. Belsky et al. (2015) found 
children with the OPRM1 rs1799971 A/A allele had the highest social competence when early 
maternal sensitivity was high but the lowest social competence when early maternal sensitivity was 
low. Children with G/A or G/G allele were less affected by maternal sensitivity (Belsky et al. 2015). 
Trucco et al. (2015) found that children with the GABRA-2 rs279827 G/G allele had the most 
externalising behaviours when parental monitoring was minimal but the least externalising 
behaviours when parental monitoring was high, children with the G/A or G/G allele were less 
affected by parental monitoring. Olofsdoter et al. (2018) observed that children with the OXT 
rs4813625 C/C allele had the least social anxiety if positive parenting was high but the most social 
anxiety if positive parenting was low, children with the G/C or G/G allele were less affected by 
positive parenting. 
Interestingly, the polygenic sensitivity score implemented by Stocker et al. (2017) also found 
evidence for differential susceptibility. Specifically, children with high polygenic sensitivity had the 
least depression and anxiety when parenting quality was high but the most depression and anxiety 
when parenting quality was low. The effect of parenting quality on depression and anxiety declined 
in line with a reduction in the polygenic sensitivity score and confirmed differential susceptibility. 
3.4.3 Evidence for vantage sensitivity 
Evidence for the vantage sensitivity model was found when sensitivity measures were temperament, 
endophenotype and genotype. Children with low behavioural withdrawal, compared to children 
with high behavioural withdrawal, had fewer internalising behaviours when paternal behavioural 
and psychological control was low (Zarra-Nezhad et al. 2014). When behavioural and psychological 
control was high these children had internalising behaviours equivalent to children with high 
behavioural withdrawal. Likewise, children with low effortful control had fewer externalising 
behaviours when parental responsiveness was high compared to the equivalent externalising 
47 
 
behaviours found in children with low effortful control exposed to low parental responsiveness or 
children with high effortful control exposed to low or higher parental responsiveness (Slagt et al. 
2016b). Finally, children with higher sensory processing sensitivity had the lowest amount of 
externalising behaviours given decreases in negative parenting or increases in positive parenting 
(Slagt et al. 2018). Likewise, children with higher sensory processing sensitivity had a decrease in 
externalising behaviour over time if negative parenting was lower (Slagt et al. 2018). As per the 
vantage sensitivity model, these results are in comparison to children with low sensory processing 
sensitivity exposed to low negative or high positive parenting or children with high or low sensory 
processing sensitivity supposed to high negative or low positive parenting who have equivalent 
externalising behaviours (Slagt et al. 2018). 
Keeping in mind that vantage sensitivity occurs when reactive children perform significantly better 
than non-reactive children in positive environments, boys high in testosterone had the lowest 
reactive aggression when harsh parental discipline was low (Chen et al. 2018), boys with a low 
RSA baseline had the most empathic concern when parental negative interactions were low (Van 
der Graaff et al. 2016) and children with higher cortisol reactivity had the fewest conduct problems 
when maternal sensitivity was high (Wagner et al. 2017). Thus, children without these sensitivity 
characteristics, as measured, or parental environments had equivalently more reactive aggression 
and conduct problems and equivalently less empathic concern. 
In terms of genotype, Sulik et al. (2014) found girls with the COMT val158met val/met or val/val 
allele had the most inhibitory control and effortful control when maternal sensitivity and warmth 
was high. Girls with the met/met allele or who were exposed to lower maternal sensitivity and 
warmth had equivalently less inhibitory control and effortful control. On the other hand, boys with 
the met/met allele were found to have the most inhibitory control when maternal sensitivity and 
warmth was high. Boys with the met/val or val/val allele or who were exposed to lower maternal 
sensitivity and warmth had equivalently less inhibitory control. 
3.4.4 Evidence for one-way contrastive effects 
Two studies report a one-way contrastive effect (Zarra-Nezhad et al. 2014; Van der Graaff et al. 
2016). Zarra-Nezhad and colleagues (2014) found that children with high behavioural withdrawal 
had a decrease in internalizing behaviours if psychological and behavioural control decreased, but 
children with low behavioural withdrawal had an increase internalizing behaviours if psychological 
and behavioural control decreased. However, the low and high withdrawal groups always had fewer 
or more internalizing behaviours, respectively, at high levels of behavioural and psychological 
control and these internalizing behaviours increased or decreased, respectively, as behavioural and 
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psychological control decreased until the two groups had equivalent internalizing behaviours. Van 
der Graaff and colleagues (2016) reported that children with high RSA at baseline had an increase 
in empathic concern if parental negative interactions decreased, but children with low RSA at 
baseline had a decrease in empathic concern if parental negative interactions decreased. However, 
the high and low bassline RSA groups always had lower or higher empathic concern, respectively, 
at high levels of parental negative interactions and empathic concern increased or decreased, 
respectively, as parental negative interactions decreased until the two groups had equivalent 
empathic concern. In other words, children with high behavioural withdrawal and high baseline 
RSA had diathesis stress responses, whilst children with low behavioural withdrawal and low 
baseline RSA had vantage sensitivity responses. 
3.4.5 Evidence for two-way contrastive effects 
Two interactions using temperament as the measure of reactivity and two interactions employing 
polygenic sensitivity measures report two-way contrastive effects. Specifically, children with high 
sensory processing sensitivity had a decrease in externalising behaviours if negative parenting 
decreased or positive parenting increased, but the children with high sensory processing sensitivity 
had an increase in externalising behaviours if negative parenting increased or positive parenting 
decreased. On the other hand, children with low sensory processing sensitivity had an increase in 
externalising behaviours if negative parenting decreased or positive parenting increased, but the 
children with low sensory processing sensitivity had a decrease in externalising behaviours if 
negative parenting increased or positive parenting decreased. Likewise, children who scored high in 
the polygenic sensitivity score had the lowest hostility and internalising and externalising 
behaviours if parenting quality was good, but the most hostility and internalising and externalising 
behaviours if parenting quality was bad. Children who scored low on the polygenic sensitivity 
score, however, had the opposite relationship with parenting quality. 
3.4.6 Summary  
Overall, these results suggest that evidence has been found for each of the theories using a range of 
reactivity measurement types, behavioural outcomes and parenting components. However, there is 
variability in the quantity of support for each theory. A further exploration for why this variation in 
evidence occurs is provided below by examining the components that make up these interactive 
models. Systematic analysis seeks to determine if particular forms of measurement or analysis 
predispose to outcomes supporting a particular theoretical prediction.  
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3.5 Method used to assess reactivity 
The first question we might ask is does the measurement type of reactivity make a difference. In 
Table 3.2, the evidence supporting the theoretical models is broken down by how the study 
operationalised reactivity to the environment. For example, 19 interactions of differential 
susceptibility used genotypes operationalised with SNP’s or haplotype. 
A broad overview of Table 3.2 suggests that finding consistent trends in differential support for the 
theories by reactivity measurement is complex. The only cells in Table 3.2 with potentially enough 
information to make comparisons by reactivity measure are genotype SNP and survey reported 
temperament. The other rows lack a sufficient sample size. 
Table 3.2: Interactions providing evidence for the theories by assessment method of reactivity. NS 
refers to non-significant interactions. Number in parentheses refer to interactions excluding Belsky 
et al. (2015) and Janssens et al. (2017). Differential susceptibility (DS), diathesis stress (DA), 
vantage sensitivity (VS), one-way contrastive (CE1), two-way contrastive (CE2) and observation 
(OBS).  
  DS DA VS CE1 CE2 NS 
Genotype SNP or haplotype 19 (17) 12 (10) 3  
 335 
(47) 
 Polygenic 2 
   2 0 
 And temperament (OBS)  3 
   3 
Temperament Observation 2 1    3 
 Survey 7 17 4 2 2 79 
Endophenotype Cortisol 1  1   16 
 Testosterone 1 1 1  
 1 
 SCL 1 1 
   6 
 RSA 1 1 
 1  13 
 
Regarding genotype SNP, there was a slight leniency to more evidence for differential 
susceptibility. Specifically, 19 interactions supported differential susceptibility, 12 supported 
diathesis stress, and 3 supported vantage sensitivity. However, this difference does not seem 
systematic enough considering that at minimum 47 interactions found insufficient evidence for a 
theoretical model and error could be influencing the relative frequencies of support for a theoretical 
model. 
Temperament measured in surveys showed an opposite leniency towards evidence for diathesis 
stress over differential susceptibility. Seventeen interactions supported diathesis stress, 7 supported 
differential susceptibility, 4 supported vantage sensitivity, 2 supported one-way contrastive effects, 
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and 2 supported two-way contrastive effects. Again, however, 79 interactions found insufficient 
evidence for a theoretical model suggesting there could be noise distributed between the evidence 
for theoretical models. 
There were too few interactions to make generalisations about most of the other methods of 
assessment. Specifically, they showed a mix of evidence for differential susceptibility, diathesis 
stress, vantage sensitivity, and one and two-way contrastive models. Further, they suffered a similar 
preponderance for insufficient evidence to support one of the theoretical models. 
The polygenic score, interestingly, always found support for one of the theoretical models and was 
a 50-50 mix of differential susceptibility and two-way contrastive effects. The small number of 
interactions make generalisations difficult, but the polygenic approach may offer promise for 
finding consistent effects in the future. 
3.6 Method used to assess reactivity and parenting 
Table 3.3 breaks down the evidence supporting the theoretical models by both the type of 
measurement for reactivity and the type of measurement of the parenting environment. For 
example, 6 interactions that used genotype SNP and observations of parenting found support for 
differential susceptibility, whilst 13 interactions that use genotype SNP and surveys of parenting 
found support for differential susceptibility. 
This Table (3.3) has the same problem of Table 3.2 as the cells are sparsely populated except for 
genotype SNP and temperament surveys. 
Looking at the results for the genotype SNP, when parenting was measured by survey only 2 
interactions of diathesis stress were observed compared to 9 diathesis stress interactions when 
parenting was observed. Further, 13 interactions of differential susceptibility were observed when 
parenting was measured by survey, whilst only 6 interactions of differential susceptibility occurred 
when parenting was observed. This suggests that parenting measured by surveys leans towards 
differential susceptibility when using genotype SNP. Keeping in mind, however, that most findings 
provided insufficient evidence for any theoretical model and thus there could be error within these 
comparative estimates.  
If we look at the results the surveys of temperament, we find a trend opposite to that of genotype for 
how parenting was measured. Surveys with report measures of temperament combined with surveys 
of parenting did not find evidence for differential susceptibility but found 8 interactions of evidence 
for diathesis stress and 3 interactions of evidence for vantage sensitivity. Combining a survey of 
temperament with an observation of parenting, however, we see there is 7 interactions of 
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differential susceptibility, 9 interactions of diathesis stress and one interaction of vantage 
sensitivity. This suggests observations of parenting increases likelihood of finding differential 
susceptibility when temperament is surveyed. Of course, this should be seen in the light of most 
interactions showing insufficient evidence for either theoretical model and thus error could be 
within these comparisons. 
Table 3.3: Interactions providing evidence for the theories by assessment method of reactivity and 
parenting. NS refers to non-significant interactions. Number in parentheses refer to interactions 
excluding Belsky et al. (2015) and Janssens et al. (2017). Differential susceptibility (DS), diathesis 
stress (DA), vantage sensitivity (VS), one-way contrastive (CE1), two-way contrastive (CE2), 
observation (OBS) and survey (SUR). 
  DS DA VS CE1 CE2 NS Parent 
Genotype SNP or haplotype 6 (5) 9 (7) 3   76 (27) OBS 
 SNP or haplotype 
13 
(12) 2 
   256 (17) SUR 
 SNP or haplotype  1 
   3 SUR&OBS 
 Polygenic 2 
   2 0 OBS 
 
And temperament 
(OBS)  3 
   3 OBS 
Temperament Observation 2     2 OBS 
 Observation  
 1   1 SUR&OBS 
 Survey 7 9 1 
  32 OBS 
 Survey 
 8 3 2 2 47 SUR 
Other Cortisol 1  1   16 OBS 
 Testosterone 1 1 1 
  1 SUR 
 SCL 1 1 
   6 OBS 
 RSA 1 1 
 1  13 SUR 
 
Combining the insights from the genotype SNP and surveys of temperament contradictory 
statements could be made in terms of which provides the most accurate way to assess the theoretical 
models. For example, it could be said that surveys of parenting lack sufficient information to 
observe differential susceptibility when temperament is measured by survey. However, when using 
a genotype SNP the measurement of parenting by a survey improves the odds of finding differential 
susceptibility. These contradictions illustrate that making comparative statements based on what 
measures studies have included in their models can be quite complex. 
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3.7 Method used to assess reactivity and behaviour 
Table 3.4 disaggregates the reactivity measurements by behavioural measurement. For example, an 
observation of behaviour and genotype SNP for reactivity found 1 incidence of differential 
susceptibility, whilst using a survey for behaviour and genotype SNP found 18 interactions of 
differential susceptibility. 
An examination of Table 3.4 illustrates that only 8 interactions of evidence for one of the theories 
used observations or a combination of observations and surveys to assess behaviour. Combining 
genotype SNP with an observation of behaviour indicated diathesis stress in 4 interactions, whilst 
differential susceptibility was only observed once. Observations of temperament combined with 
observations of behaviour indicated support for differential susceptibility twice, and support for 
diathesis stress once. Therefore, support for the predominant theory for both genotype SNP and 
temperament observations is reversed. It is likely, therefore, that there are too few observations to 
make meaningful comparisons and this applies to the other measurements used to operationalise 
reactivity. 
Table 3.4: Interactions providing evidence for the theories by assessment method of reactivity and 
behaviour. NS refers to non-significant interactions. Number in parentheses refer to interactions 
excluding Belsky et al. (2015) and Janssens et al. (2017). Differential susceptibility (DS), diathesis 
stress (DA), vantage sensitivity (VS), one-way contrastive (CE1), two-way contrastive (CE2), 
observation (OBS) and survey (SUR). 
  DS DA VS CE1 CE2 NS Behaviour 
Genotype 
SNP or 
haplotype 1 3 
   0 OBS 
 
SNP or 
haplotype 18 (16) 8 (6) 3  
 332 (44) SUR 
 
SNP or 
haplotype  1 
   3 SUR&OBS 
 Polygenic 2 
   2 0 SUR 
 
And 
temperament 
(OBS) 
 3    3 SUR 
Temp Observation 2     2 OBS 
 Observation  1 
   1 SUR&OBS 
 Survey 7 17 4 2 2 79 SUR 
Other Cortisol 1  1   16 SUR 
 Testosterone 1 1 1  
 1 SUR 
 SCL 1 1 
   6 SUR 
 RSA 1 1 1 1 
 13 SUR 
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In summary, inconsistency in measurement and a tendency to use a single measure of reactivity, 
rather than combined measures, limits conclusion on systematic association of measurement and 
substantive findings. 
3.8 Quality of evidence 
Table 3.5 contains a disaggregation of support for the theories based on the quality of the evidence 
graded using the Newcastle-Ottawa scale (Wells et al. 2015), 
Table 3.5: Average quality rating for the interactions providing support for the theories. Differential 
susceptibility (DS), diathesis stress (DA), vantage sensitivity (VS) one-way contrastive (CE1) and 
two-way contrastive (CE2). Some interactions were excluded from the criteria averages as they had 
complete data (none missing) or only used single scale items which do not permit sensitivity 
analysis. Raw data is presented in Table 3.1. 
Theory  
Info. 
sources Adjusted ROS 
Sensitivity 
analysis Plot data Consistent Missing Interactions 
DS 1.76 0.38 0.97 0.23 0 0.09 0 33 
DA 1.51 0.27 1.00 0.08 0 0.08 0.03 37 
VS 1.50 0 1.00 0 0 0 0 9 
CE1 1.00 0 1.00 0 0 0 0 3 
CE2 1.50 0 1.00 0.50 0 0 0 4 
 
Examining each quality criteria separately, we start with the independence of measures. The 
interactions that supported differential susceptibility, diathesis stress, vantage sensitivity and two-
way contrastive effects had an elevated level of independence between measurements. Ranging 
from 1.5 to 1.76, this indicates the information used in these interactions may not have been heavily 
biased by having the same informants for each measurement. Nearly all measurements were 
independent. On the other hand, support for one-way contrastive effects came from a medium level 
of independence with an average score of one. This indicates on average only two of the 
measurements of the child characteristic, parenting environment and behaviour were obtained by 
reports from the same individual. Finally, only two significant interactions, which supported 
diathesis stress, were based on reports from the same person (a score of 0) whilst all other 
interactions scored one or higher. This illustrates the independence of the measurements was high.  
The criteria of whether studies adjusted for multiple comparisons raises concerns for the quality of 
statistical rigour of the interactions. For vantage sensitivity and contrastive effects, no studies 
adjusted the level of statistical significance for the number of statistical comparisons undertaken. 
Further, only 27% of interactions that supported diathesis stress adjusted for multiple comparisons. 
However, 38% of interactions supporting differential susceptibility adjusted for multiple 
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comparisons. Overall, however, this shows that statistical rigour is lacking given that most 
interactions supporting one of the theoretical models did not adjust for multiple comparisons. 
All interactions, except for one supporting differential susceptibility, used regions of significance 
tests. The interaction that did not use regions of significance testing used a latent class trajectory 
approach to their statistical model. Ascertaining regions of significance is likely complex with this 
method and therefore it was included for such a reason. This high number is primarily a result of 
excluding studies that did not analyse regions of significance from this review. 
Very few of the interactions were put through sensitivity analysis regarding how the variables used 
were created. Specifically, the highest individually observed score of 1 indicated that some 
sensitivity analysis of how variables were created was performed. Further, the average score for 
two-way contrastive effects was 0.5, differential susceptibility was 0.23, diathesis stress was 0.08 
and one-way contrastive effects and vantage sensitivity were 0. This indicates many of the results 
were not thoroughly evaluated for how the variables were created. It could be important to evaluate 
the sensitivity of findings to how variables are created when there are multiple decisions in terms of 
combining multiple scales of similar measurement or similar measures reported by different people. 
However, the results illustrate this robustness check has not been performed in a systematic, 
widespread manner. 
No studies included in this review provided a plot of the raw data or partial residuals to evaluate 
their predicted trend lines. This is a shortcoming as plotting the raw data is a relevant way to 
demonstrate the validity of findings trends. By including this figure other researchers can evaluate 
how believable the predicted trends are given the distribution of the raw data. For example, are 
there outliers which appear to be guiding a significant interaction such that their removal might 
make it disappear? Plotting the raw data is an area that can be improved for research regarding 
support for these theoretical models. 
The results in Table 3.5 demonstrate that there were very few consistent effects regarding support 
for one of the theoretical models within each study. Consistent effects were defined as support for 
the same theoretical model being observed using similar measures of behaviour, similar measures of 
parenting or similar measures of the moderating characteristic. Looking at the evidence, no 
interactions that provided support for vantage sensitivity or contrastive effects were consistent 
within a study. On the other hand, 9% of interactions supporting differential susceptibility and 8% 
of interactions supporting diathesis stress were consistent. However, these consistent effects were 
only observed in studies that examined a single interaction. Finding more consistent effects will be 
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a relevant consideration for future studies. Or, the inconsistencies illustrate that support for the 
theoretical model can be complex and context-dependent. 
The final quality criteria assessed whether studies with missing data evaluated the sensitivity of 
their results to the approach they used to handle missing data. No interactions that supported 
diathesis stress, vantage sensitivity, or contrastive effects evaluated the sensitivity of the result to 
how missing data was handled. Furthermore, only 3% of results for diathesis stress evaluated 
sensitivity to missing data methods. Given that missing data can be more problematic with 
interactions between variables (Bartlett et al. 2015), research in this area could improve by 
evaluating how different approaches to handling missing data influence the results. 
To summarise the results of this section, the analytical quality of the interactions supporting the 
theoretical models was low and no apparent quality trends explained support for the theories. 
Studies performed well in terms of independence of measurement and performing regions of 
significance tests. However, there was only adequate performance in terms of adjusting for multiple 
statistical comparisons. Further, there was a distinct lack of sensitivity analysis for how variables 
were created, an absence of plotting raw data to evaluate the results, inconsistent effects and a very 
low evaluation rate of missing data sensitivity. 
3.9 Discussion 
This review examined how phenotypic, endophenotypic, and genetic characteristics of children 
moderate the effect of the parenting environment on internalizing and externalizing behaviours and 
social and emotional competence in children. The review specifically evaluated whether these 
moderating interactions were consistent with the diathesis stress, differential susceptibility or 
vantage sensitivity hypotheses. The discussion below focuses on several key themes. 
3.10 Support for the interactions 
Interestingly, most of the interactions evaluated did not support a theoretical model. Excluding two 
studies that were notably exploratory, nearly half of all interactions investigated were non-
significant. This high number of non-significant findings indicates that there may be substantial 
measurement error or a low signal within the systems investigated such that making inferences on 
parameters is difficult.  
3.11  Support for the theories 
This review demonstrated that evidence for differential susceptibility, diathesis stress, and vantage 
sensitivity could all be found within the literature of child characteristics moderating the effect of 
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parenting on behavioural outcomes in children. Moderating characteristics included temperament 
measures, endophenotypic measures, and genetic variability.  
The support for the theoretical models varied substantially, however, between and within different 
measurement types of reactivity, parenting and behaviour. This made it impractical to be able to 
ascertain which theory should be expected given a type of reactivity measurement, a certain 
parenting environment or a type of behavioural outcome. Indeed, most studies varied in how they 
operationalised each measurement component and this makes comparisons between studies 
incredibly difficult. Below this is explored in more detail. 
3.12 Support for the theories: the relationship with measurement 
3.12.1 Reactivity: 
The results of the review suggest that it did not matter how reactivity was operationalised as support 
for nearly all the theoretical models was found for each measurement type. This may mean 
individual studies do not generalise to other contexts. It may be that there are many individual × 
environment interaction effects and each child is individually reactive to different environments for 
different reasons that have different effects on developmental outcomes (Belsky et al. 2007). 
Consequently, if the theoretical model supported can change with reactivity measurements then the 
global predictive value of understanding differences in reactivity may be of lower consequence. 
What may be valuable, therefore, is to examine these reactivity measurements between studies 
whilst holding constant key parts of the equation. Specifically, a broad range of parenting and 
behavioural measurements were used in each study and this makes it hard to develop a comparative 
base to understand the leniency is towards one theory or another based on reactivity measurement.  
The polygenic approaches to reactivity appeared to have consistent results supporting either the 
differential susceptibility or contrastive model. Though only one study used this approach, four of 
four interactions assessed demonstrated an effect. Future research using these polygenic approaches 
may be a promising avenue to identify differential susceptibility or even contrastive reactivity.  
3.12.2 Parenting: 
The results in the review demonstrate that parenting was assessed via survey or observation in 
similar frequency. It appears then that how parenting is measured is not a substantial explanatory 
component of support for the theoretical models. Generally, observations of parenting have been 
considered higher quality as they reduce respondent bias. However, surveys of parenting have been 
validated and can sometimes better capture parenting over a broader period of time. In any case, 
support for the theories seems to be independent of how parenting was measured and further 
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exploration of this topic holding reactivity and behavioural components constant would be required 
to properly evaluate such effects. One study did compare survey and observation but they did not 
estimate the proper statistical criteria to evaluate the theories so we can’t make a comparison other 
than whether it was statistically significant or not. 
3.12.3 Outcome: 
Support for the theoretical models was found for externalising behaviours, internalising behaviours 
and prosocial behaviours. Moreover, the majority of behavioural measurement was based on 
surveys. This leads us to conclude that the behaviour measured and type of measurement does not 
dictate which theoretical model will be supported. To date no authors have suggested that the 
theoretical models should support only certain types of behaviours, and this largely confirms the 
absence of a theoretical push. The absence of substantial observational work on behaviour suggests 
this may be an avenue for future research to compare surveys and observations of behaviour as it 
has not been evaluated thoroughly.  
3.12.4 Measurement quality: 
A positive finding for most studies and the evidence collected is that there was an elevated level of 
independence between measurements. Very few studies used the same respondent to measure child 
characteristics, child behaviour, and the parenting environments. This also implies that variation in 
support for the theories cannot be explained, based on the summary statistics used in this review, by 
a lack of measurement independence.  
However, the measurement information evaluated by the review could be refined. For example, an 
exploration of the measurement quality (including reliability and validity) could be undertaken to 
further assess how measurement properties impact support for the theoretical models. 
3.13 Statistical analysis and quality 
In general, this review demonstrated that the statistical criteria applied to evaluate the theories could 
be improved. Specifically, few studies adjusted for the number of parameters estimated. This is a 
basic component to any multivariate study involving the calculations of many frequentist 
interactions. Without accounting for the number of parameters being estimated the researcher leaves 
open the possibility that the results occurred by chance. Indeed, given the high number of non-
significant findings this could have been a problem. On a similar note, there was little sensitivity 
analysis regarding how variables were created. When variables are being used that can take multiple 
forms, for example combining internalising and externalising behaviours compared are looking at 
them separately, it is useful to perform a sensitivity analysis where these decisions that were made 
innocently are evaluated with scrutiny. This can demonstrate that it does not matter how the 
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parenting, behavioural or reactivity measurements are created as the same result was found 
consistently. It may be the case that many authors did this and did not report the results due to space 
constraints. It may be important, however, that the sensitivity analysis is undertaken and 
demonstrated to the audience reading the paper to ensure robustness of the results. Moreover, many 
studies used a method to handle missing data but rarely explored what happens if they used only the 
complete cases or used an alternate model for missing data. Imputing or modelling missing data 
with interactions can be particularly complex and time consuming. However, demonstrating that an 
analysis is robust to missing data methodology will improve the quality of the research in this area. 
Additionally, no studies plotted the raw data or partial residuals associated with their interactions. 
Plotting the raw data or partial residuals in part allows the reader to evaluate the strength of support 
for an observed relationship (Fox & Weisberg et al. 2017). If there are only a few outliers 
surrounding a key part of the analysis it would indicate that the results are potentially weak. 
Conversely, raw data that supports the modelled interaction demonstrates a heuristic of strength that 
the results may be trusted and more fully understood by the reader. Consistent results were, 
therefore, hard to come by. 
3.14 Implications for future research 
The results of this review highlight two main implications for future research investigating 
interaction effects of neurological reactivity and the early care environment on child behavioural 
development. First, to improve replicability and comparisons across studies the measurement of the 
environment and reactivity in context of other results needs additional consideration. Second, as 
estimated effects are sensitive to analytical decisions made by researchers there is a need for 
sensitivity analysis of estimated effects. 
Regarding improved measurement, an ideal situation would involve identifying multi-domain 
reactivity and evaluating how that moderates the effect of parenting measures on behavioural 
outcomes. The choice of environments and outcomes would be consistent and adequately 
implemented to reduce measurement error. Nearly every study review used a different 
implementation of parenting and behaviour and that made it difficult to estimate how reactivity 
moderated associations between these measures. 
The improvement in measurement would also address the observed sensitivity of results between 
and within studies that used different behavioural, parenting and reactivity measures. Specifically, 
systematic experimentation with changes in one or two of the measurements would be valuable. By 
holding some of the measured variables constant, such as reactivity, and making incremental 
changes, such as different measurements of parenting e.g., emotional climate compared to parental 
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psychological and behavioural control, the more consistent trends for support of the theoretical 
models can be established.  
Though the field already aims to approximate this ideal with some studies using multiple 
behavioural and parenting measures and a general coherence between the constructs attempted to be 
measured and investigated (e.g., parental warmth and sensitivity), it is clearly apparent that more 
coordinated approaches are needed. The lack of consistency between studies suggests finding ways 
to align and reduce variation between study design and implementation will be valuable to have 
evidence that converges toward reliable and replicable evidence for the theoretical models.  
Finally, the review highlighted that the majority of interaction effects could not be reliably 
estimated based on statistical significance. Studies need to account for the possibility that the level 
of uncertainty on the estimated interaction effects may be large and cautiously report results where 
multiple interactions were estimated but few were statistically reliable. Additionally, although not 
evaluated in this review, studies should calculate the power of their sample to detect interaction 
effects in comparison to an optimum design (McClelland & Judd 1993). Findings from studies with 
high power would be more informative then those of studies with small sample sizes, non-optimum 
designs, and high measurement error. Further, as there are often multiple analytical decisions made 
in terms of variable creation and model inclusion, relevant sensitivity analysis for these decision 
points can be undertaken to reduce the likelihood of following spurious associations. 
3.15 Application of results for current thesis 
As the review demonstrated, measures of child neurological reactivity were associated with 
moderating the parenting environment consistent with diathesis stress, differential susceptibility, 
vantage sensitivity, and one-way and two-way contrastive effects. Support for these moderations, 
however, were far from consistent and there was large variability in the measurements used by each 
study. The inconsistency in results and variability in measurement implies a need for additional 
research into the hypotheses for the moderating effects. This additional research could focus on 
keeping some measurements in the model constant, whilst systematically varying other measures to 
identify consistencies in evidence. Further, sensitivity analysis of decision points in the analytical 
process can illustrate how sensitive the results are to different researcher choices.  
The empirical component of this thesis, therefore, uses data from two large-scale social science 
surveys and observations to examine consistencies in support for diathesis stress, differential 
susceptibility, vantage sensitivity, and one-way and two-way contrastive effects by making 
systematic changes to key methodological components used in the analysis combined with rigorous 
sensitivity analysis.  
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Chapter 4 does this by examining how parent reported temperament moderates the effect of parent 
reported parenting on parent and teacher reported behavioural development.  
Chapter 5, using two data sets, examines how parent reported infant temperament moderates the 
effect of parent reported and observed parenting on parent reported behavioural development.  
The main change between chapters include assessing temperament at different ages, using parent 
report and observed measures of parenting, and using multiple measures of behaviour and 
temperament.  
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Chapter 4: Testing individual difference models in a longitudinal sample of Australian 
children: Parenting, child temperament, and behavioural outcomes 
4.1 Introduction 
Individual difference theoretical models of child development have emerged as a focus of 
significant interest in developmental science both because they have a strong basis in biological 
theory of inter- and intra-species diversification and because they offer promise for tailoring 
intervention strategies. Moving beyond uniform environment or child effect models, child × 
environment accounts examine how children may be predisposed to different developmental 
trajectories dependent on their social environments due to observable characteristics such as 
genotype or temperament (Belsky & Pluess 2009; Moffitt et al. 2005). 
Three theoretical models encapsulate the dominant thinking in child × environment interactions. 
Risk based, diathesis stress models imply the characteristics of some children predispose them to 
poor outcomes in developmentally harsh social environments (Monroe & Simons 1991; Zuckerman 
1999). Cumulative advantage, vantage sensitivity models posit that characteristics of some children 
predispose them to optimal outcomes in developmentally rich environments (Pluess & Belsky 2013; 
Sweitzer et al. 2012). Finally, for better or worse, differential susceptibility and biological 
sensitivity to context models posit that characteristics of children may make them susceptible to 
poor outcomes in developmentally harsh environments, yet the same characteristics make them 
susceptible to optimal outcomes in developmentally rich environments (Belsky et al. 2009; Ellis et 
al. 2011).  
One major field of inquiry has focussed on child temperament as a moderator of the association 
between the parenting environment and child behavioural development (Kiff et al. 2011). A 
growing literature in this field has documented empirical support for interactive models whether 
diathesis stress (Gallitto 2015; Roisman et al. 2012), differential susceptibility (Kim & Kochanska 
2012; Roisman et al. 2012) or vantage sensitivity (Slagt et al. 2016b; Zarra-Nezhad et al. 2014) 
models. However, within this literature there are notable variations in support-evidence for the 
theoretical models. As documented in the systematic review presented in chapter 3, of 542 
interactions that tested for moderating effects of temperament, 33 supported diathesis stress, 33 
showed evidence of differential susceptibility, 9 observed evidence for vantage sensitivity, 3 
supported an alternative one-way contrastive model, 4 supported another alternative two-way 
contrastive model and 456 found statistically insufficient evidence of moderation.  
The current study undertook analyses of a large, longitudinal sample of Australian children to 
examine the moderating effects of child temperament on the relationship between parenting and 
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behavioural outcomes. The study applied a detailed analytic plan to provide substantive testing of 
interactive theories with an express focus on undertaking a critique of emergent findings in the 
context of both measurement and analytic strategy. The study tests individual difference theory in a 
population outside the United Kingdom and United States of America, where most of the analyses 
have been conducted, and advances knowledge through critical attention to analytical pathways and 
measurement. 
4.2 Measurement: Parenting, child temperament and child behaviour 
A considerable number of studies have documented the association of parenting environments and 
child behavioural development, with more recent studies attending to the moderating role of child 
characteristics, particularly temperament. Figure 4.1 presents the basic moderation model. As 
indicated in Figure 4.1, a range of measurements are employed to assess the key components of the 
model. The conceptual basis of these model components are briefly outlined and discussed below. 
 
Figure 4.1: Moderating role of temperament on the effect of parenting on child behavioural 
functioning. 
Parent Care environment: broadly refers to all actions by parents related to raising children and is 
one of the most strongly implicated factors in child behavioural development (Pinquart 2016a, 
2017). Measurement of parenting includes both parent competency in supporting their child’s social 
and emotional functioning and learning, including parental behavioural and psychological control, 
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emotional quality of parent-child relationships, and parent responsiveness to children’s emotions 
and needs (Kiff et al. 2011; Maccoby 2000; Pinquart 2016a, 2017; van den Boom 1994). Regarding 
parent emotional competency, it is typically conceptualised in terms of warmth, closeness, and 
acceptance compared to negativity and rejection (Clark & Ladd 2000; Maccoby 1992; Spera 2005). 
The warmth component measures affection, positive emotions, involvement, and admiration of 
parents with their children (MacDonald 1992). Parenting environments high in warmth and 
acceptance are associated with fewer externalizing and internalizing behaviours and greater social 
and emotional competence in children (Chen et al. 2000; Davidov & Grusec 2006; Rothbaum & 
Weisz 1994; Stormshak et al. 2010). Conversely, negativity, rejection, and a lack of emotional 
support from the parents for their children captures the opposite side of parenting emotional quality 
(Rohner 2004) and is associated with more internalizing and externalizing behaviours and reduced 
social and emotional competence (Deater-Deckard et al. 2009; Knafo & Plomin 2006; Miner & 
Clarke-Stewart 2008; Viding et al. 2009). Measurement of parenting is typically made through 
surveys answered by parents, children, teachers and other care-givers or through codified researcher 
observations of the parent. Further, studies often create psychometric indices of parenting that 
combine similar measurements, as single items may not capture the breadth of parenting 
experienced by a child.  
Child behavioural response to environment: Social and emotional competence and behavioural 
difficulties, both externalising and internalising, are constructs that collectively measure 
behavioural functioning. Social competence are behaviours that facilitate positive social interactions 
and maintain peer relationships (e.g., cooperation and sharing; Rose-Krasnor 1997), whilst 
emotional competence involves using identification and regulatory behaviours to manage emotions 
and emotions arising through social interactions with others (Denham et al. 2003; Saarni 1990). 
Externalising and internalising behaviours, on the other hand, are considered as maladjustment that 
contrast with positive or adaptive social-emotional competence development (Ladd & Profilet 
1996). Measures of externalising behaviours observe or seek reports on overt negative behaviours 
directed towards other people and objects and includes aggression, defiance and antisocial conduct 
(Collett et al. 2003). Measures of internalising behaviours, on the other hand are observed or 
reported emotional responses symptomatic of depression, anxiety and rumination. These are 
typically less overt and therefore may be harder to observe (Myers et al. 2002). 
Temperament: has been defined and measured as constitutionally based individual differences in 
reactivity and self-regulation in the domains of affect, activity and attention (Rothbart & Bates 
2006, pg. 100).  Constitutional in this definition refers to the biological basis of temperament, in the 
form of genetic expression, which is subsequently shaped by interactions with a child’s 
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environment over time. Reactivity encapsulates how responsive children are to changes in the 
internal and external environment. Reactivity can be both specific (e.g., emotion in response to 
negative events) and general (e.g., fear), and is measured by the response threshold, length, 
duration, and intensity of a child’s physical, affective, and attentional reactions to stimulus 
(Rothbart & Derryberry, 1981). Self-regulation, on the other hand, refers to the processes used to 
control and regulate a child’s reactivity. Temperament measures in the form of surveys and 
observations thus aim to assess the predispositions of children to respond and react to the 
environment (Thomas & Chess 1977).  
Children’s temperaments have been classified as difficult (high withdrawal, intense emotions and 
negativity and low adaptability and rhythmicity), easy (opposite of difficult), slow-to-warm-up (low 
activity, approach and adaptability and high negativity), or intermediate (any other combination) 
(Carey & McDevitt 1978). Sub-components of temperament are often examined separately and 
include negative emotionality, effortful control, impulsivity, and inhibition. Children characterised 
with a difficult temperament and higher negative emotionality, lower effortful control, higher 
impulsivity, and higher inhibition have been associated with the development of more externalizing 
and internalizing behaviours and lower social and emotional competence (Capsi et al. 1995; Frick & 
Morris 2004; Muris & Ollendick 2005; Rothbart 2007; Sanson et al. 2004).  
4.3 Theory testing: Temperament as a moderator of parenting environment  
Although parenting and temperament may influence behavioural development, empirical evidence 
shows that the effects of parenting on behavioural development can be moderated by the 
temperament of the child (e.g., Kiff et al. 2011). By capturing regulatory differences in reactivity 
and self-regulation to experience, temperament has been able to index children predisposed to the 
effects of the quality of the parenting environment.  
The shape of this moderating effect, however, has drawn interest and evaluation within the child 
development literature. Risk based models have defined the moderating role of temperament in 
terms of a diathesis to stress. In this model, children with difficult temperaments, high reactivity, 
and low self-regulatory capability are predisposed to develop behavioural difficulties when the 
environment is poor due to their heightened sensitivity. On the other hand, the vantage sensitivity 
model posits the interaction between the environment and temperament is one of cumulative 
advantage. Due to differences in reactivity, in the context of a positive environment reactive 
children may be predisposed to exhibit better behavioural development as they could be more 
receptive to positive cues and reward. Finally, differential susceptibility thinking supposes that 
children exhibiting more reactive and difficult temperament may be predisposed to develop 
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behavioural problems in poor environments, yet have better behavioural development in rich 
environments. The reactivity would thus operate in a manner of for ‘better or worse’ (Belsky et al. 
2007).  
Research, nonetheless, has found that difficult, reactive and low self-regulatory temperaments have 
moderated the effect of parenting on the behavioural development of children consistent with both 
the diathesis stress, differential susceptibility and vantage sensitivity accounts. For respective 
examples; Gallitto (2015) found children with difficult temperaments had more externalising 
behaviours when there was a lack of positive parenting compared to children with easy 
temperaments; Roisman et al. (2012) found children high in difficult temperament consistently had 
fewer teacher rated internalising and externalising behaviours and more teacher rated social 
competence in higher maternal sensitivity environments compared to children with easy 
temperaments, however, the children with difficult temperaments had more internalising and 
externalising behaviours and less social competence when maternal sensitivity was low; and, 
children with low behavioural withdrawal, compared to children with high behavioural withdrawal, 
had fewer internalising behaviours when paternal behavioural and psychological control was low 
(Zarra-Nezhad et al. 2014). The systematic review presented in chapter 3 further highlights this 
complexity. Specifically, this review identified that evidence for the theoretical models was 
inconsistent and most of the time (84%) there was insufficient evidence of moderation to make 
statistically robust conclusions.  
Given research investigating the moderating role of temperament has had such inconsistent 
findings, it is possible that additional and consistent evidence can be observed by performing 
extended analyses with large, longitudinal surveys containing data from multiple respondents. The 
use of large surveys may help overcome the inability to make statistically robust conclusions, 
expand the representativeness of the research sample, and can contribute additional information 
regarding how temperament moderates the effect of the parenting environment. Additionally, 
extended investigations with multiple sensitivity analyses may help find consistencies in 
moderating effects.  
4.4 Current research 
This study aimed to examine how child temperament moderates the effects of parenting emotional 
quality on behavioural development. The study used a large, longitudinal sample of Australian 
children with behavioural measurements from multiple respondents and a detailed and 
predetermined analytical plan to try and establish rigorous consistencies in evidence. Specifically, 
the study tested whether, and how, mother reported temperament components (difficult 
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temperament, reactivity to negative experiences, non-persistence and introversion) moderate the 
effects of mother reported parenting emotional quality (warmth and harsh parenting) on mother and 
teacher reported externalizing and internalizing behaviours and social and emotional competence in 
children at ages 4, 6 and 8 and across time. A first exploratory hypothesis was that if temperament 
moderated the effect of parenting on behavioural development it could reasonably be expected to 
take the shape of either a diathesis-stress, differential susceptibility or vantage sensitivity model. A 
second direct hypothesis, however, was that if temperament moderated the effect of parenting on an 
aspect of behaviour, the interaction would be consistent at all ages and across time, consistent 
across reporters of behaviour, parenting environments and similar behaviour measures and 
generally consistent across temperament measures. This hypothesis implies a focus on the 
biological underpinnings of temperament and asks the evidence for moderating effects to be strong 
and consistent to provide useful research implications.  
4.5 Methods 
4.6 Sample 
The Longitudinal Study of Australian children (LSAC) is a large longitudinal survey following two 
cohorts of Australian children recruited in across 2003-2004 to evaluate the influence of Australia's 
social and cultural environment on childhood development (LSAC 2016). The first cohort, the birth 
cohort, recruited infants younger than 1 year of age and was used in the current study. These infants 
were born between March 2003 and February 2004. The initial 5107 primary parents and their 
infants were selected using stratified random sampling from Australian Medicare records to be 
representative of all children in Australia. However, the Medicare record may not include all 
Australian residents and thus LSAC approximates a representative sample of children from urban 
and rural areas of all states and territories in Australia at baseline. A new wave of data was collected 
every two years, with waves 2 (age 4-5), 3 (age 6-7) and 5 (age 8-9) constituting the frame for key 
variables used in this study. 
From the entire sample (5107), the analytical sample was restricted to surveys of the primary 
caregiver who filled out the survey in wave 1 to maintain consistency of the reporter of information 
(Murray et al. 2007; Kersten et al. 2016). Nearly all primary caregivers at age 0–1 were the child’s 
biological mother and the sample was thus restricted to mother reported information (excludes 74 
biological fathers and 14 others). Children were also excluded if at any time point (ages 0-1 to 10; 
wave 6 information included for these purposes) the parent indicated the child had a neurological or 
medical disorder including attention deficit disorder (ADD) or attention deficit hyperactive disorder 
(ADHD) (n=150), anxiety or depression (n=179), autism spectrum disorder (n=155), epilepsy 
67 
 
(n=33), chronic fatigue (n=7), diabetes (n=12), blackouts, fits or loss of consciousness (n=58), 
mental illness for over 6 months (n=13), a nervous or emotional condition (that requires treatment) 
(n=46), any mental illness for which help or supervision is required long-term (n=47), long term 
effects as a result of a head injury, stroke or other brain damage (n=12) and chronic or recurring 
pain (n=109). Additionally, children were excluded if they had ever taken (n=91), or were taking 
(n=84), any medication for ADD or ADHD. Exclusion decisions were based on prior exclusions 
documented in the literature (e.g., Roisman et al. 2012) with the underlying rationale relating to the 
biasing effect of such disorders on parenting, temperament and behaviour (D’Souza & Karmiloff-
Smith 2017; Kim et al. 2016). Following exclusions, the remaining sample comprised 3408. 
Only children with complete information were included in the analysis and implications are 
discussed thereafter. Of the base sample of 3408 children, 1289 had information for all variables 
across the period of interest (4, 6 and 8 years). A comparison of children with missing and complete 
data revealed they had similar distributions for the key variables of interest in the moderation 
(maximum difference parent report = 0.3, teacher report = 0.39 of a pooled standard deviation, 
Appendix A). The first section of the results contains full information of this sensitivity 
comparison. Differences in results due to missing data may be minimal – due to similar 
distributions and a comparatively large sample size. 
4.6.1 Procedure 
Data from the primary parent were collected during home visits using face-to-face interviews and 
during which questionnaires were provided for postal return. Teacher data were collected with mail 
out questionnaires. Ages of children for the complete case sample in years were Mean (M) = 4.84 
Standard Deviation (SD) = 0.23 at age 4 (wave 3), M = 6.85 SD = 0.29 at age 6 (wave 4), M = 8.93 
SD = 0.31 at age 8 (wave 5).  
4.7 Measures 
4.7.1 Moderator: Temperament (ages 4 and 6) 
Mothers completed a reduced version of the Short Temperament Scale for Children (STSC) at ages 
4 and 6 (Sanson et al. 1994). Three STSC subscales were measured; reactivity to negative 
experiences (hereafter reactivity; when shopping together, if I do not buy what this child wants (e.g. 
sweets, clothing), he/she cries and yells), persistence (when a toy or game is difficult, this child 
quickly turns to another activity) and introversion/sociability (when in a park or visiting, this child 
will go up to strange children and join in their play). Each subscale is the average of four items 
regarding how often a child’s behaviour matches a statement; almost never=1 to almost always=6. 
Persistence was reverse coded so that it indicated non-persistence. Higher scores indicate higher 
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reactivity, higher non-persistence and higher introversion. Difficult temperament is the overarching 
scale and is the average of reactivity, non-persistence and introversion. Higher scores indicate a 
more difficult temperament. Reliability coefficients ranged from α=0.67 to 0.81.  
4.7.2 Environment: Parenting warmth and harsh parenting (ages 4, 6 and 8) 
Parental warmth was measured with six questions from the Child Rearing Questionnaire (Paterson 
& Sanson 1999). Specifically, mothers were surveyed about their interactions with study child over 
the last six months in terms of question such as how often did you express affection by hugging, 
kissing and holding this child? Parents responded never/almost never=1 to all the time=5. 
Reliability coefficients ranged from α=0.88 to 0.89. 
Harsh parenting was measured using five items based on the National Longitudinal Study of 
Children and Youth (2005) implemented by Statistics Canada. The mother was surveyed for 
questions such as how often are you angry when you punish this child? In response, the parent 
answered never/almost never=1 to all the time=5. Reliability coefficients ranged from α=0.65 to 
0.68. 
4.7.3 Outcome: Externalizing and internalizing behaviours and social-emotional competence 
(ages 4, 6 and 8) 
Externalizing and internalizing behaviours and social-emotional competence were measured using 
the parent and teacher form of the Strengths and Difficulties Questionnaire (SDQ; Goodman 1997; 
Kersten et al. 2016). The SDQ consists of five subscales including emotional difficulties (often 
unhappy, depressed or tearful), peer problems (picked on or bullied by other children), conduct 
problems (often fights with other children or bullies them), hyperactivity (constantly fidgeting or 
squirming) and pro-social (considerate of other people’s feelings). Each subscale ranges from 0 to 
10 and is the sum of five questions with three possible options: (reverse coded where relevant) ‘0 = 
not true’, ‘1 = somewhat true’, and ‘2 = certainly true’. Questions in the SDQ are consistent across 
time, though at age 4 two items were different to coincide with toddler appropriate wording. 
Following standard procedures the subscales were aggregated into internalizing (emotional 
difficulties and peer problems; 0–20), externalizing (conduct problems and hyperactivity subscale; 
0–20) and total difficulties (internalizing and externalizing; 0–40) scores. Higher scores for the 
emotional difficulties, peer problems, conduct problems and hyperactivity subscale indicate more 
behavioural difficulties, whilst higher scores on the pro-social scale indicate more social and 
emotional competence. Reliability coefficients for externalizing type scales ranged from α=0.53 to 
0.87, internalizing type scales α=0.48 to 0.78, pro-social scales α=0.66 to 0.88 and total 
externalizing and internalizing scales α=0.74 to 0.86. 
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4.7.4 Covariates (ages 0-1, 2, 4, 6 and 8) 
A range of covariates, with documented evidence of association with behavioural development 
(e.g., see Bayer et al. 2011; Haltigan et al. 2017; Kuckertz et al. 2017; Masten et al. 2005) were 
included in the analysis. These included child gender (613 male, 676 female) and age. Children 
were coded Indigenous if at any point (ages 0-1 to 10) the mother identified them as Aboriginal or 
Torres Strait Islander (Indigenous n=21). Maternal education at child age 4 was used throughout the 
analysis and coded to three categories: 1. year 11 and certificate or trade qualification (n=249), 2. 
year 12 and certificate or trade qualification or diploma (n=487) and 3. bachelor degree or higher 
(n=553). Maternal depression was assessed with the Kessler K6 screening scale (Kessler et al. 
2003). Six items asked how the parent felt the last four weeks, e.g., [how often] did you feel 
worthless, ranging from all of the time=1 to none of the time=5. The scale was reverse coded so that 
higher scores indicate more psychological distress. Reliability coefficients at ages 4, 6 and 8 were 
α=0.81, 0.82 and 0.82, respectively. Socioeconomic status was assessed with the Socio-Economic 
Indexes for Areas (SEIFA) advantage/disadvantage metric at 2006 for ages 4 and 6, and 2011 for 
age 8. This ranks areas in Australia according to relative socio-economic advantage and 
disadvantage based on information from the five-yearly national census (Australian Bureau of 
Statistics 2018b). The Home Learning Environment (HLE) consisted of the average of seven items 
that assessed the frequency of the child and parent participating in activities, e.g., read to the child 
from a book, rated from not in the past week=0 to 6-7 days=3 (reliability coefficients at age 4, 6 and 
8 were α=0.70, 0.66 and 0.63, respectively; Melhuish et al. 2008). Stressful Life Events (SLE) was 
the sum of 16 yes=1, no=0 questions regarding if the parent had experienced a range of stressful life 
events in the past year e.g., suffered a serious illness, injury or assault or separation due to 
relationship or marital difficulties. A range of dummy variables were also created if at any time in 
the available data (ages 0-1 to 10, waves 1 to 6) conditions were observed. An any present (1) or all 
absent (0) index of physical disabilities was created based on whether mothers reported the child 
has limited use of arms or fingers, has difficulty gripping things, has limited use of legs or feet, has 
other physical condition or has other disfigurement (n1=37). Likewise, an any present (1) or all 
absent (0) index of sight, speech and hearing problems was created based on whether mothers 
reported the child has sight problems, has hearing problems, has speech problems or has ongoing 
problems with eyes or seeing properly or hearing problems (n1=269). A dummy variable was also 
created for children with other non-specific medical condition or disability or other condition (1 = 
present, 0 = absent; n1=155). Finally, children with either difficulty learning or understanding 
things or developmental delay (only age 0–1) were coded 1 = developmental delay present (n1=31) 
or 0 = developmental delay absent.  
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4.7.5 Variable transformations 
All time-varying independent, predictor variables—excluding behavioural outcomes and SEIFA—
were standardised to Percentage of Maximum Possible (POMP). This means each variable ranges 
from 0 to 100, standard coefficients are easier to interpret (coefficient × 100 = maximum effect), 
interactions can be evaluated correctly and variables can be standardised over time (Cohen et al. 
1999). 
4.8 Analytical plan 
A multiverse approach to the analysis was undertaken (Steegen et al. 2016). The multiverse 
analytical plan recognises that variables can be operationalised in multiple ways and therefore to 
avoid capitalising on chance, and to promote transparency, a large number of possibilities should be 
explored. Specifically, by rotating through the numerous ways variables might be analysed the 
sensitivity of the results to research choices can be visualised. If consistent trends are identified 
confidence in the results is raised (Dick et al. 2015). The approach to the multiverse is detailed 
below and was important for the current study because there are 8 outcome measures from 2 
reporters modelled at 4 time specifications in 2 environments moderated by 4 reactivity measures, 
equalling 512 interactions. 
First, using the sample with complete information, the behavioural outcomes in all scale forms (e.g., 
conduct problems, hyperactivity and externalizing) rated by the mother and teachers were predicted 
by interactions between parenting (warmth and harsh parenting) and temperament (difficult, 
reactivity, non-persistence and introversion) at ages 4 and 6 separately using general linear models, 
controlling for covariates. A simplified general linear model (Aiken et al. 1991) takes the form; 
                                     Equation 4.1 
where y is the behavioural outcome, i indexes the child, x is the parenting measure, z is the measure 
of temperament, β indicates the regression coefficients, and ε is the residual errors that are normally 
distributed and independent with mean 0 and standard deviation 𝜎𝜎𝜀𝜀, specifically, εi ~ Normal(0, 
𝜎𝜎𝜀𝜀
2).The interaction coefficient is β3.  
Second, using the sample with complete information, the same interactions were examined across 
ages 4, 6 and 8 using hybrid random effect linear models, controlling for covariates. The hybrid 
model (Equation 4.2) is a cross between a random effects model and a fixed effects model and 
includes an average and change term (difference between observed at age and average across age) 
for covariates that vary with time (e.g., parenting) (Allison 2009; Schunck 2013). The average term 
captures between-person variation whilst the change term captures the within-person variation 
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(within person estimates being equivalent to those economists typically estimate in a fixed effect 
model). The random effects component assigned a random intercept to each individual to capture 
differences in starting points between individuals. The between person effects are equivalent to the 
intercepts-as-outcomes model advocated by Roisman et al. (2012). Interactions in the hybrid model 
(Equation 4.3) were between temperament at age 4 and parenting at age 4, 6, and 8. The interaction 
covariate was appropriately generated before estimating effects (as recommended in Schunck 
2013). The hybrid model was chosen because it meets the analytical requirements to estimate the 
between-person effect (average over time) and within-person effect (effect of changes across time), 
model relevant time invariant and time varying covariates, and model growth to describe individual 
behavioural trajectories if desired.  
                      Equation 4.2 
In the hybrid random effect model equation (4.2) above (Schunck 2013), y is the behavioural 
outcome for individual i at time t. β indicates regression coefficients, x is the score on a time 
varying covariate (e.g., parenting), 𝑥𝑥 is the average score for a time varying covariate (e.g., 
parenting), c is a time invariant covariate (e.g., child gender), μ is the random intercept with 
standard deviation 𝜎𝜎𝜇𝜇, μi ~ Normal(0, 𝜎𝜎𝜇𝜇2), and ε is the residual error (εit ~ Normal(0, 𝜎𝜎𝜀𝜀2)). β1 is a 
within-person effect, whilst β3 is a between-person effect.  
The equation (4.2) below illustrates a reduced hybrid model with interactions as estimated in this 
study. Specifically, there is an interaction between time invariant temperament (age 4) and time 
varying parenting (age 4, 6, and 8);  
  Equation 4.3 
where x is the parenting score, z is the temperament score, β4 is the between-person interaction, and 
β5 is the within-person interaction. 
Interactions were evaluated for evidence of differential susceptibility, diathesis stress and vantage 
sensitivity using several criteria proposed by Roisman et al. (2012). First, the level of statistical 
significance was based on Benjamini and Hochberg (1995) procedure (critical value = 0.05) using 
only the interaction coefficients (512) given the number of coefficients calculated in the multiverse 
analysis. Second, the Regions of Significance (ROS; Dearing and Hamilton 2006) for temperament 
given parenting, and parenting given temperament were calculated. Temperament must be a 
significant predictor at low and high, but not medium, values of parenting for differential 
susceptibility to occur, whilst diathesis stress and vantage sensitivity generally occur when 
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temperament is significant at low, high or all values of parenting. Parenting should be significant at 
high or all values of temperament for differential susceptibility, diathesis stress or vantage 
sensitivity to occur. When parenting is significant at low and high values of temperament it can 
suggest an alternative model of contrastive effects. These contrastive effects either operate in two-
way (cross-over) or one-way (no cross-over) fashion that depend on the temperament coefficient 
given parenting. Low and high refers to the mean minus 2 Standard Deviations (SD) or plus 2SD, 
respectively. Third, the cross-over point where the lines of high and low temperament or parenting 
cross was calculated. The lines must cross-over within the range of observed parenting values for 
differential susceptibility, whilst cross-over points within the range of observed temperament 
suggest contrastive effects. Fourth, the proportion of children with parenting or temperament scores 
above the cross-over points was calculated (proportion affected; PA). Generally, 0.16 of children 
above (positive parenting) or below (negative parenting) the cross-over point on parenting provides 
confidence that differential susceptibility is observed, and 0.16 or more children above (reactive) or 
below (non-reactive) the cross-over point on temperament provides confidence in two-way 
contrastive effects. Finally, if differential susceptibility was observed, quadratic parenting and 
quadratic parenting by temperament interactions were included to rule out non-linear functions of 
parenting.  
For each analysis, diagnostic plots of the residuals were examined to evaluate the normality of the 
residuals and validate assumptions of the statistical models (Pinheiro & Bates 2000, pg. 174). 
Analysis was undertaken using R (version 3.5.0; R Core Team 2018), with hybrid models estimated 
using the lme4 (version 1.1.17; Bates et al. 2015) and nlme (version 3.1.137; Pinheiro et al. 2018; to 
extract p-values) packages, ROS calculated using the interplot package (version 0.1.5; Solt & Hu 
2016), and conditional interaction plots created using the visreg (version 2.5.0; Breheny & Burchett 
2017) and ggplot2 (version 3.0.0; Wickham 2016) packages. 
4.9 Results  
Descriptive statistics for a main sample of variables used in the analysis are presented in Table 4.1. 
In terms of key correlations; parenting; parental warmth and harsh parenting were significantly 
(p<0.05) negatively correlated at ages 4, 6 and 8 (r=-0.35 to -0.4). Temperament–parenting; 
difficult temperament at age 4 and 6 had significant correlations with harsh parenting (r=0.18 to 
0.35) and parental warmth (r=-0.1 to -0.21) that were weaker when not measured in the same time 
period. Behaviour–parenting; at age 4, 6 and 8, parent rated externalizing and internalizing 
behaviours were significantly negatively correlated with parental warmth (r=-0.12 to -0.16, r=-0.07 
to -0.11, respectively) and positively correlated with harsh parenting (r=0.45 to 0.49, r=0.19 to 
0.25, respectively), whilst parent rated pro-social behaviours were significantly positively correlated 
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with parental warmth (r=0.25 to 0.26) and negatively correlated with harsh parenting (r=-0.25 to -
0.36). Teacher rated behaviour–parenting; when significant, similar but weaker correlations were 
observed between parental warmth and harsh parenting and teacher rated externalizing behaviours 
(r=-0.06, r=0.13 to 0.26, respectively) and pro-social behaviours (r=0.06 to 0.12, r=-0.12 to -0.23, 
respectively). However, teacher rated internalizing behaviours had no significant correlations with 
parental warmth or harsh parenting. Temperament–behaviour; difficult temperament at age 4 and 
6 was significantly correlated with more parent rated externalizing behaviours (r=0.2 to 0.38) and 
internalizing behaviours (r=0.19 to 0.33) and fewer pro-social behaviours (r=-0.19 to -0.32). 
Temperament–teacher rated behaviour; similar but weaker significant correlations were 
observed between difficult temperament at age 4 and 6 and teacher rated pro-social behaviour (r=-
0.06 to -0.11), whilst very inconsistent and smaller correlations were observed with teacher rated 
externalizing (r=0.06 to 0.09) and internalizing behaviours (r=0.08 to 0.09). Time reliability; 
significant correlations increasing over time at ages 4, 6 and 8 were observed between teacher and 
parent reports of externalizing behaviour (r=0.25, 0.44, 0.5, respectively), internalizing behaviour 
(r=0.22, 0.29, 0.39, respectively) and pro-social behaviour (r=0.22, 0.25, 0.29, respectively). Scale 
reliability; regarding scale reliability, parental warmth (α=0.88 to 0.89) had better reliability than 
harsh parenting (α=0.65 to 0.68). Teacher ratings had higher reliability than parents, respectively, 
for externalizing (α=0.85 to 0.87 vs. 0.75 to 0.77), internalizing (α=0.72 to 0.78 vs. 0.6 to 0.67) and 
pro-social behaviours (α=0.81 vs. 0.6 to 0.67). Missing data; finally, looking at a comparison 
between children with partial data excluded from the study and children with complete information, 
the excluded children had lower parental warmth (max difference between excluded and included 
children = -0.03 pooled SD), higher harsh parenting (max = 0.04 pooled SD), more difficult 
temperaments (max = 0.07 pooled SD), more parent and teacher rated externalizing (max = 0.17 
pooled SD) and internalizing (max = 0.14 pooled SD) behaviours and fewer parent and teacher 
rated pro-social behaviours (max = -0.18 pooled SD). 
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Table 4.1: Correlations, means, standard deviations, reliability coefficients and effect sizes of difference (Hedge 1981) to excluded sample for key 
variables, for different ages, used in the analysis. Summary information, except correlations, for all variables used in the analysis is provided in 
Appendix A. Underlined numbers are significant at p<0.05. T = teacher report, all others are parent report. 
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
1 Parental warmth 4                           
2 Parental warmth 6 0.62                          
3 Parental warmth 8 0.57 0.66                         
4 Harsh parenting  4 -0.35 -0.31 -0.27                        
5 Harsh parenting  6 -0.31 -0.4 -0.31 0.6                       
6 Harsh parenting  8 -0.28 -0.35 -0.39 0.55 0.65                      
7 Difficult at 4 -0.18 -0.11 -0.1 0.27 0.21 0.18                     
8 Difficult 6 -0.17 -0.21 -0.16 0.28 0.35 0.28 0.63                    
9 Externalizing 4 -0.12 -0.12 -0.08 0.45 0.42 0.34 0.38 0.29                   
10 Externalizing 6 -0.08 -0.16 -0.08 0.34 0.49 0.39 0.25 0.36 0.63                  
11 Externalizing 8 -0.09 -0.12 -0.16 0.32 0.41 0.47 0.2 0.31 0.54 0.71                 
12 Internalizing 4 -0.09 -0.05 -0.05 0.19 0.15 0.12 0.32 0.29 0.25 0.17 0.15                
13 Internalizing 6 -0.09 -0.11 -0.08 0.2 0.2 0.17 0.24 0.33 0.24 0.29 0.23 0.56               
14 Internalizing 8 -0.04 -0.06 -0.07 0.17 0.18 0.25 0.19 0.22 0.21 0.24 0.32 0.42 0.57              
15 Pro-Social 4 0.26 0.21 0.18 -0.25 -0.26 -0.21 -0.32 -0.28 -0.35 -0.27 -0.22 -0.13 -0.08 -0.04             
16 Pro-Social 6 0.22 0.25 0.19 -0.24 -0.34 -0.25 -0.19 -0.31 -0.26 -0.32 -0.25 -0.15 -0.11 -0.07 0.47            
17 Pro-Social 8 0.21 0.21 0.25 -0.24 -0.27 -0.36 -0.21 -0.28 -0.23 -0.25 -0.33 -0.17 -0.15 -0.17 0.45 0.53           
18 T Externalizing 4 -0.03 -0.04 -0.01 0.13 0.15 0.16 0.04 0.03 0.25 0.3 0.28 0.04 0.1 0.1 -0.16 -0.11 -0.13          
19 T Externalizing 6 -0.02 -0.06 -0.05 0.13 0.21 0.19 0.02 0.06 0.27 0.44 0.45 0.03 0.07 0.09 -0.14 -0.21 -0.23 0.45         
20 T Externalizing 8 0 -0.05 -0.06 0.16 0.23 0.26 0.04 0.09 0.3 0.43 0.5 0.03 0.09 0.16 -0.15 -0.19 -0.26 0.42 0.63        
21 T Internalizing 4 -0.05 -0.03 -0.02 -0.02 -0.05 -0.02 0.09 0.08 0.01 0.05 0.06 0.22 0.16 0.13 -0.05 -0.05 -0.07 0.33 0.09 0.06       
22 T Internalizing 6 -0.01 -0.01 -0.02 0.01 0 0.05 0 0.04 0.04 0.11 0.11 0.13 0.29 0.21 0 -0.03 -0.04 0.16 0.33 0.16 0.2      
23 T Internalizing 8 0.03 0 0.02 0.01 0.04 0.04 0.03 0.02 0.08 0.15 0.16 0.1 0.24 0.39 0 -0.05 -0.06 0.22 0.25 0.35 0.2 0.3     
24 T Pro-Social 4 0.06 0.05 0.04 -0.12 -0.12 -0.15 -0.09 -0.07 -0.17 -0.19 -0.17 -0.09 -0.04 -0.04 0.22 0.2 0.19 -0.57 -0.29 -0.27 -0.31 -0.08 -0.12    
25 T Pro-Social 6 0.07 0.12 0.1 -0.15 -0.19 -0.2 -0.06 -0.11 -0.19 -0.29 -0.3 -0.07 -0.07 -0.09 0.17 0.25 0.3 -0.31 -0.59 -0.4 -0.1 -0.24 -0.14 0.28   
26 T Pro-Social 8 0.02 0.09 0.07 -0.16 -0.19 -0.23 -0.07 -0.11 -0.21 -0.29 -0.31 -0.06 -0.07 -0.13 0.13 0.22 0.29 -0.28 -0.43 -0.61 -0.09 -0.11 -0.26 0.28 0.39  
Mean 87.53 88.61 86.02 22.98 22.88 23.35 38.09 33.47 4.92 4.37 4.08 4.41 4.58 4.66 7.85 8.58 8.69 2.8 3.09 3.01 4.02 4.01 4.19 7.6 8 8.01 
Standard deviation 11.5 12.12 13.18 12.04 12.36 12.62 11.72 11.81 3.06 2.99 3.07 2.12 2.31 2.46 1.67 1.57 1.53 3.33 3.42 3.58 2.43 2.43 2.78 2.11 2.07 2.08 
Reliability (α) 0.88 0.89 0.89 0.65 0.67 0.68 0.71 0.71 0.75 0.76 0.77 0.6 0.65 0.67 0.66 0.67 0.67 0.86 0.85 0.87 0.72 0.73 0.78 0.81 0.81 0.81 
Effect size Hedges’ 
G 
-0.01 -0.03 -0.01 0.04 0.02 0.03 0.07 0.04 0.09 0.11 0.12 0.14 0.08 0.11 -0.04 -0.1 -0.1 0.17 0.14 0.14 0.12 0.13 0.05 -0.14 -0.18 -0.08 
 Warmth Harsh parenting Difficult P Externalizing P Internalizing P Pro-social T Externalizing T Internalizing T Pro-social 
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4.9.1 Theory testing and measurement: Interaction models 
The first exploratory hypothesis of this study was that if temperament moderated the effect of 
parenting on behavioural development it could reasonably be expected to take the shape of either a 
diathesis-stress, differential susceptibility, or vantage sensitivity model. 
After adjustment for multiple comparison only thirteen of the 512 interactions remained as robust 
evidence for the moderating effect of temperament. These significant interactions and associated 
criteria for assessing the theoretical models are presented in Table 4.2.  
These interactions partially support the first hypotheses and are also presented in figures and 
illustrate eight cases of two-way contrastive effects, two cases of one-way contrastive effects and 
three cases of diathesis stress. One-way contrastive effects mean the effects of parenting are the 
opposite for reactive and non-reactive children and these children are significantly different along 
the whole, or at one end of, the parenting distribution. On the other hand, two-way contrastive 
effects mean the effects of parenting are opposite for reactive and non-reactive children and these 
children are significantly different at both ends of the parenting distribution, but not-significantly 
different at some point where there predicted behaviours become equivalent and cross-over. 
Diathesis stress effects are significant differences between reactive and non-reactive children at one 
end of the, or for the entire, range of parenting and the effect of parenting is stronger for reactive 
children and non-significant or weaker (in the same direction) for non-reactive children.  
Table 4.2 confirms this interpretation of the interactions. The interactions consistent with two-way 
contrastive effects have lower and upper bounds of the regions of significance for both temperament 
on parenting and parenting on temperament within two standard deviations of the mean of parenting 
or temperament, respectively (parenting warmth, between term M=87.4, SD=10.6, change term 
M>0.01, SD=6.3; harsh parenting, between term M=23.1, SD=10.6, change term M>0.01, 
SD=10.6; temperament available in Appendix A). Further, they had PA (proportion affected; see 
Section 4.9) indexes for parenting as the x-axis variable ranging from 0.45 to 0.78 and PA indexes 
for temperament as the x-axis variable ranging from 0.19 to 0.53. On the other hand, the one-way 
contrastive effects had only the lower or upper bounds of the regions of significance for 
temperament on parenting which were within two standard deviations of the mean of parenting, 
whilst lower and upper bounds of the regions of significance for parenting on temperament were 
within two standard deviations of the mean. The PA indices for parenting as the x-axis variable 
were 0.19 and 1 and PA indexes for temperament as the x-axis variable were 0.26 and 0.35, 
respectively. Regarding the diathesis stress interactions, they had regions of significance within two 
standard deviations of the mean in only the upper bound for temperament on parenting, whilst 
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parenting was only significant in context of higher temperament scores. The PA indices for 
parenting as the x-axis variable ranged from <0.01 to 0.16 and PA indexes for temperament as the 
x-axis variable ranged from 0.67 to 1, respectively. Furthermore, non-linear parenting effects and 
non-linear parenting × temperament interactions were estimated. None of these interactions were 
statistically significant after adjusting for multiple comparisons and did not change interpretation of 
any linear interaction effects. 
These interactions are presented in terms of outcome domains below. Notable trends, observable 
below and in Table 4.2, are that the two-way contrastive effects were restricted to teacher reports of 
behaviour, whilst diathesis stress interactions were only observed for parent reports of behaviour.  
4.9.2 Predictors of externalizing behaviour 
Changes in harsh parenting, the more reliable, within person term, predicted significantly different 
parent rated conduct problems for reactive and non-reactive children consistent with diathesis stress 
(Figure 4.2a). Additionally, harsh parenting and parental warmth at age 4 interacted with difficult 
temperament to predict parent and teacher rated conduct problems, respectively. The harsh 
parenting interaction was consistent with diathesis stress (Figure 4.2b), whilst the parental warmth 
interaction was consistent with two-way contrastive effects (Figure 4.2c). 
4.9.3 Predictors of internalizing behaviour 
Changes in parental warmth, the more reliable, within person term, interacted with introversion to 
predict parent rated overall internalizing behaviours consistent with one-way contrastive effects 
(Figure 4.3a), but in a direction opposite to that presupposed.  That is, children with high 
introversion had an unexpected increase in internalizing behaviours when parental warmth 
increased. 
Average parental warmth interacted with difficult temperament to predict teacher rated emotional 
difficulties consistent with one-way contrastive effects (Figure 4.3b), and average parental warmth 
also interacted with difficult temperament and reactivity to predict teacher rated peer problems 
(Figure 4.4a,b) and overall internalizing behaviour (Figure 4.4c,d) consistent with two-way 
contrastive effects.  
Average harsh parenting interacted with reactivity to predict parent rated overall internalizing 
behaviour consistent with diathesis stress (Figure 4.5a) and teacher rated peer problems (Figure 
4.5b) and overall internalizing behaviour (Figure 4.5c) consistent with two-way contrastive effects. 
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4.9.4 Predictors of internalizing and externalizing behaviour 
Average parental warmth interacted with difficult temperament to predict overall externalizing and 
internalizing behaviour consistent with a two-way constative effect (Figure 4.6).  
4.9.5 Predictors of pro-social behaviour 
No interactions between parenting and temperament were observed to significantly predict pro-
social behaviour after adjusting for multiple comparisons. 
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Figure 4.2: Conditional interaction plot with regions of significance (grey polygons) where harsh 
and warm parenting effects on conduct problems significantly differ due to temperament (red +1.5 
SD, blue = average and green -1.5 SD). Model a) is consistent with diathesis stress, b) is consistent 
with diathesis stress, and c) is consistent with two-way contrastive effects. The cross-over point in 
a) is not identical to Table 4.2 because the plotted interaction uses age 6. 
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Figure 4.3: Conditional interaction plot with regions of significance (grey polygons) where parental 
warmth effects on teacher rated emotional difficulties and parent rated internalizing behaviours 
significantly differ due to temperament (red +1.5 SD, blue = average and green -1.5 SD). Model a) 
and b) are consistent with one-way contrastive effects. The cross-over point for a) is not identical to 
Table 4.2 because the plotted interaction uses age 6.
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Figure 4.4: Conditional interaction plot with regions of significance (grey polygons) where parental 
warmth effects on teacher rated peer problems and internalizing behaviour significantly differ due 
to temperament (red +1.5 SD, blue = average and green -1.5 SD). Model a), b), c) and d) are 
consistent with two-way contrastive effects. 
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Figure 4.5: Conditional interaction plot with regions of significance (grey polygons) where harsh 
parenting effects on teacher rated internalizing and peer problem behaviour and parent rated 
internalizing behaviour significantly differ due to temperament (red +1.5 SD, blue = average and 
green -1.5 SD). Model a) and b) are consistent with two-way contrastive effects, whilst c) is 
consistent with diathesis stress. 
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Figure 4.6: Conditional interaction plot with regions of significance (grey polygons) where parental 
warmth effects on parent rated internalizing and externalizing behaviour significantly differ due to 
temperament (red +1.5 SD, blue = average and green -1.5 SD). Model is consistent with two-way 
contrastive effects. 
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Table 4.2: Criteria to evaluate theoretical models. Columns 2–5 indicate regression coefficients for the intercept, parenting environment, temperament 
and interaction, respectively, p-value refers to interaction p-value. All interactions are significant after adjusting for multiple comparisons. T = teacher 
report, P = parent report, M = mean over time, C = change over time, 4 = measured at age 4, CO = crossover point, PA = proportion affected. Outcome 
codes; EmotD = emotional difficulties, INT = internalizing, PeerP = peer problems, TSDQ = internalizing and externalizing, CondP = conduct 
problems. Parenting codes; Warmth = parental warmth, Harsh P = harsh parenting. Temperament codes; Diff = difficult, React = reactivity, Intro = 
introversion. Model codes; CE1 = one-way contrastive effects, CE2 = two-way contrastive effects, DA = diathesis stress. * = p<0.05, ** <0.01, 
***<0.001. < and > indicate significance occurred outside observed values. All ROS bounds within 2SD of mean, see results text and Appendix A. 
      ROS temperament on parent ROS parent on temperament  
Outcome Intercept M Warmth Diff 4 Inter p-value Lower Upper CO PA > Lower Upper CO PA > Model 
T EmotD 0.07 0.03 0.09 -0.0009 0.000286 92.7 > 97.6 0.19 31.2 46.9 39.2 0.26 CE1 
T INT -1.35 0.07 0.17 -0.0019 0.000004 87.4 96.9 91.4 0.45 31.2 41.7 37.4 0.29 CE2 
T PeerP -1.42 0.04 0.09 -0.001 0.000023 80.1 90.6 85.8 0.61 27.8 41.7 35.8 0.33 CE2 
T TSDQ -3.57 0.14 0.31 -0.0034 0.000038 83.2 93.7 88.5 0.54 36.5 48.7 41.9 0.19 CE2 
Outcome Intercept Warmth Diff Inter p-value Lower Upper CO PA > Lower Upper CO PA > Model 
T CondP 4 -2.71 0.04 0.10 -0.0011 0.000957 83.3 95.8 89.6 0.51 27.8 45.2 37.6 0.53 CE2 
Outcome Intercept M Warmth React 4 Inter p-value Lower Upper CO PA > Lower Upper CO PA > Model 
T PeerP 0.27 0.02 0.05 -0.0006 0.000221 73.8 88.5 82.6 0.69 15.8 31.6 26.4 0.52 CE2 
T INT 2.23 0.03 0.09 -0.0010 0.000300 75.9 90.6 84.3 0.65 15.8 36.8 28.8 0.52 CE2 
Outcome Intercept C Warmth Intro 4 Inter p-value Lower Upper CO PA > Lower Upper CO PA > Model 
P INT 2.15 -0.03 0.03 0.0006 0.001134 < 1.2 -56.8 1.00 40 80 53.1 0.35 CE1 
Outcome Intercept Harsh P Diff Inter p-value Lower Upper CO PA < Lower Upper CO PA > Model 
P CondP 4 1.42 0.02 0.01 0.0009 0.000870 < 5.3 -14.0 0.00 ALL ALL -22.6 1.00 DA 
Outcome Intercept M Harsh P React 4 Inter p-value Lower Upper CO PA < Lower Upper CO PA > Model 
P INT 3.58 0 -0.01 0.0008 0.000305 < 20 11.7 0.16 15.8 > -5.2 0.67 DA 
T INT 5.82 -0.03 -0.02 0.0009 0.000508 21.7 40 28.7 0.75 21.1 47.4 33.4 0.22 CE2 
T PeerP 2.38 -0.01 -0.02 0.0005 0.000676 23.3 43.3 31 0.78 10.5 36.8 27.4 0.3 CE2 
Outcome Intercept C Harsh P React 4 Inter p-value Lower Upper CO PA < Lower Upper CO PA > Model 
P CondP 1.51 0.01 0.02 0.0005 0.000788 < -16.1 -34.7 0.00 0 > -25 1 DA 
84 
 
4.9.6 Theory testing and consistency of findings: Multiverse analysis:  
The second direct hypothesis of this study was that if temperament moderated the effect of 
parenting on an aspect of behaviour, the interaction would be consistent at all ages and across time, 
consistent across reporters of behaviour, parenting environments and similar behaviour measures 
and generally consistent across temperament measures. 
Despite the demonstration in the data that temperament moderates the effects of parenting and is 
consistent with contrastive effects and diathesis stress, the multiverse analysis does not support the 
second hypothesis and demonstrates that evidence for interactions is sporadic and inconsistent 
(Table 4.3). Examination of results by data source, temperament, parenting, age, and outcome show 
few consistencies. 
With regard to data source consistency, average harsh parenting and reactivity at age 4 predicted the 
internalizing behaviour for both mother and teacher reported behaviour, yet mother reports aligned 
with one-way contrastive effects and teacher reports indicated two-way contrastive effects.  
Looking at temperament measures, consistencies were evident in that difficult temperament at age 4 
and reactivity at age 4 moderated the effect of average parental warmth on teacher rated peer 
problems and internalizing behaviours consistent with two-way contrastive effects. 
There were two consistencies observed across parenting environments as reactivity at age 4 
moderated the effect of average harsh parenting and average parental warmth on teacher rated peer 
problems and internalizing behaviours consistent with two-way contrastive effects.  
On the other hand, no significant interactions were consistently found at ages 4 and 6 and over time.  
Changes in outcome scales evidenced more comparable results where average harsh parenting 
moderated by reactivity significantly predicted teacher rated peer problems and internalizing 
behaviours (consistent with two-way contrastive effects) and parent rated internalizing behaviours 
(consistent with diathesis stress). Further, average parental warmth moderated by difficult 
temperament significantly predicted teacher rated emotional difficulties (consistent with one-way 
contrastive effects) and teacher rated peer problems, internalizing behaviours and total internalizing 
and externalizing behaviours (consistent with two-way contrastive effects), whilst parental warmth 
moderated by difficult temperament significantly predicted teacher rated conduct problems at age 4 
(consistent with two-way contrastive effects). In addition, average parental warmth moderated by 
reactivity significantly predicted teacher rated peer problems and internalizing behaviours 
(consistent with two-way contrastive effects).  
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In sum, while some consistencies were seen among outcomes, parenting environments, and 
measures of temperament, the results seem substantially influenced by analytical choices in the 
construction of variables used in the interactions. Further illustrating inconsistencies, relaxing 
statistical criteria for significance to p<0.01 would see 7% of interactions (38) as significant and 
relaxing it further to p<0.05 would see 18% of interactions (94) as significant. However, many gaps 
and inconsistencies would remain even with such criteria (Table 4.3).  
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Table 4.3: P-values for assessed interactions. Bold, underlined interactions significant after 
adjusting for multiple comparisons. Light grey shading p<0.05, dark grey shading p<0.01. Codes; 
P=parent rated, T=teacher rated, CondP=conduct problems, Hyper=hyperactivity, 
Extern=Externalizing, EmD= emotional difficulties, PeerP=peer problems, Intern=Internalizing, 
Diff=difficult, React = reactivity, Intro = introversion, Non-pers = non-persistence, M=average 
(between-person), C=change (within-person). 
  Harsh parenting Parental warmth 
Outcome Age Diff Intro React Non-pers Diff Intro React Non-pers 
P CondP 4 0.0009 0.0115 0.3405 0.2771 0.6547 0.4868 0.8762 0.4492 
P CondP 6 0.0021 0.9565 0.0981 0.0944 0.6141 0.7386 0.5467 0.2915 
P CondP M 0.0034 0.5988 0.0547 0.1196 0.2105 0.235 0.24 0.9804 
P CondP C 0.0089 0.4847 0.0008 0.2529 0.1688 0.8061 0.4399 0.0702 
T CondP 4 0.1419 0.9258 0.1003 0.4957 0.001 0.2453 0.0059 0.0062 
T CondP 6 0.5082 0.0952 0.9873 0.0356 0.1315 0.7709 0.0274 0.7471 
T CondP M 0.2207 0.2582 0.0565 0.1501 0.002 0.2823 0.0034 0.0258 
T CondP C 0.0449 0.2295 0.1343 0.2466 0.1729 0.4218 0.4449 0.2742 
P Hyper 4 0.6747 0.4821 0.8682 0.7892 0.7523 0.775 0.391 0.4344 
P Hyper 6 0.9437 0.1838 0.633 0.6683 0.9446 0.4894 0.4775 0.498 
P Hyper M 0.8031 0.9869 0.6573 0.8534 0.0337 0.0581 0.0253 0.6825 
P Hyper C 0.1038 0.0059 0.7007 0.6311 0.8594 0.7423 0.8789 0.3571 
T Hyper 4 0.3638 0.4139 0.0491 0.1559 0.1978 0.1057 0.7749 0.684 
T Hyper 6 0.6134 0.0129 0.6792 0.2149 0.3957 0.8487 0.8266 0.8815 
T Hyper M 0.7627 0.3769 0.8178 0.8683 0.04 0.0564 0.3075 0.2967 
T Hyper C 0.0297 0.0732 0.0184 0.8739 0.2854 0.3981 0.3369 0.8052 
P Extern 4 0.0297 0.0505 0.6561 0.4136 0.6385 0.8312 0.5007 0.9303 
P Extern 6 0.1748 0.3302 0.2504 0.6339 0.8581 0.7185 0.8054 0.3108 
P Extern M 0.2659 0.8212 0.5911 0.5713 0.0305 0.0502 0.0271 0.7676 
P Extern C 0.774 0.1067 0.1074 0.3198 0.3655 0.9191 0.7458 0.0905 
T Extern 4 0.9208 0.5608 0.6144 0.545 0.0156 0.105 0.1314 0.1141 
T Extern 6 0.9077 0.0126 0.7552 0.0811 0.2253 0.7983 0.3032 0.9865 
T Extern M 0.7801 0.2821 0.5394 0.4839 0.0075 0.0772 0.0575 0.1025 
T Extern C 0.0124 0.0631 0.0161 0.6876 0.1622 0.3259 0.2938 0.5019 
P EmD 4 0.3002 0.9613 0.1134 0.3225 0.5959 0.6076 0.5647 0.2219 
P EmD 6 0.0484 0.0672 0.0779 0.3141 0.414 0.0755 0.8247 0.6027 
P EmD M 0.0026 0.291 0.0015 0.0524 0.0582 0.1244 0.4663 0.2286 
P EmD C 0.5213 0.0654 0.5334 0.0942 0.3166 0.0142 0.8194 0.2275 
T EmD 4 0.7032 0.2852 0.3528 0.2117 0.7256 0.3928 0.1623 0.5964 
T EmD 6 0.2461 0.697 0.3443 0.3414 0.0567 0.0543 0.3401 0.4087 
T EmD M 0.0418 0.1315 0.0116 0.9675 0.0003 0.0119 0.0135 0.0632 
T EmD C 0.8519 0.9403 0.8432 0.4782 0.8855 0.1004 0.5266 0.0186 
P PeerP 4 0.2766 0.1936 0.0308 0.0931 0.1864 0.605 0.1802 0.4674 
P PeerP 6 0.4631 0.3963 0.4353 0.192 0.4314 0.1679 0.0991 0.2037 
P PeerP M 0.1427 0.7086 0.0094 0.7233 0.1258 0.8618 0.0032 0.6601 
P PeerP C 0.3096 0.1601 0.9622 0.7547 0.2033 0.0099 0.4851 0.948 
T PeerP 4 0.4173 0.2318 0.0217 0.0447 0.0368 0.2315 0.1139 0.161 
T PeerP 6 0.6425 0.6585 0.9452 0.2595 0.2402 0.1608 0.5632 0.8521 
T PeerP M 0.0074 0.4928 0.0007 0.1901 0.00002 0.0128 0.0002 0.0505 
T PeerP C 0.4673 0.3557 0.0658 0.4229 0.9333 0.388 0.3869 0.085 
P Intern 4 0.1803 0.4302 0.0175 0.6698 0.2454 0.9984 0.2249 0.2153 
P Intern 6 0.0759 0.4714 0.098 0.144 0.3058 0.7143 0.3998 0.2653 
P Intern M 0.0044 0.3603 0.0003 0.283 0.0322 0.3615 0.028 0.2933 
P Intern C 0.8498 0.6985 0.6935 0.1837 0.1433 0.0011 0.7838 0.4354 
T Intern 4 0.4663 0.1724 0.0474 0.0475 0.129 0.7847 0.0726 0.2344 
T Intern 6 0.3061 0.9873 0.5562 0.2123 0.0564 0.0411 0.343 0.6564 
T Intern M 0.0057 0.1951 0.0005 0.462 0.000004 0.0033 0.0003 0.025 
T Intern C 0.763 0.6266 0.234 0.9905 0.8886 0.1223 0.3662 0.0126 
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Table 4.3 continued: P-values for assessed interactions. Bold, underlined interactions significant 
after adjusting for multiple comparisons. Light grey shading p<0.05, dark grey shading p<0.01. 
Codes; P=parent rated, T=teacher rated, CondP=conduct problems, Hyper=hyperactivity, 
Extern=Externalizing, EmD= emotional difficulties, PeerP=peer problems, Intern=Internalizing, 
Diff=difficult, React = reactivity, Intro = introversion, Non-pers = non-persistence, M=average 
(between-person), C=change (within-person). 
  Harsh parenting Parental warmth 
Outcome Age Diff Intro React Non-pers Diff Intro React Non-pers 
P TSDQ 4 0.0142 0.0626 0.086 0.7391 0.2965 0.8799 0.2317 0.4282 
P TSDQ 6 0.0418 0.8303 0.0726 0.222 0.4575 0.9855 0.7249 0.9991 
P TSDQ M 0.0132 0.4855 0.0122 0.3049 0.0047 0.0588 0.0047 0.4088 
P TSDQ C 0.9342 0.3781 0.1732 0.8966 0.7831 0.0375 0.693 0.0974 
T TSDQ 4 0.6528 0.2668 0.4952 0.1479 0.0129 0.2076 0.0484 0.0876 
T TSDQ 6 0.6523 0.0886 0.9233 0.0636 0.0666 0.2105 0.2275 0.8235 
T TSDQ M 0.1257 0.9062 0.0343 0.398 0.00004 0.0078 0.0021 0.0259 
T TSDQ C 0.0714 0.3603 0.0229 0.7886 0.4104 0.7746 0.888 0.0539 
P ProSo 4 0.0711 0.0284 0.9901 0.781 0.8711 0.995 0.4027 0.7914 
P ProSo 6 0.8561 0.0237 0.223 0.0171 0.873 0.0423 0.0258 0.8192 
P ProSo M 0.0257 0.004 0.5311 0.7279 0.7412 0.1875 0.6701 0.5929 
P ProSo C 0.4983 0.4662 0.7669 0.8453 0.2693 0.948 0.1446 0.4084 
T ProSo 4 0.8877 0.4996 0.8404 0.1542 0.3711 0.5155 0.6073 0.1717 
T ProSo 6 0.7043 0.2477 0.1871 0.5845 0.7638 0.5541 0.279 0.2219 
T ProSo M 0.9008 0.4608 0.0889 0.1324 0.1004 0.3819 0.1873 0.326 
T ProSo C 0.0035 0.0087 0.0195 0.6968 0.5986 0.8487 0.3122 0.9181 
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4.10 Discussion 
This study investigated how child temperament moderated the effects of parenting emotional 
quality on behavioural development in a large longitudinal sample of Australian children surveyed 
at ages 4, 6 and 8. Temperament was indexed by mother reported reactivity, non-persistence, 
introversion, and a composite score defining difficult temperament. Parenting emotional quality was 
captured by mother reported parental warmth and harsh parenting. Behavioural outcomes included 
mother and teacher reports of the strength and difficulties questionnaire. A detailed analytical plan, 
the multiverse, was used to establish rigorous consistencies in evidence. The first hypothesis of the 
study was that if temperament moderated the effect of parenting on behavioural development it 
could take the shape of either a diathesis-stress, differential susceptibility, or vantage sensitivity 
model. A second hypothesis was that if temperament moderated the effect of parenting on an aspect 
of behaviour the interaction would be consistent at all ages and across time, consistent across 
reporters of behaviour, parenting environments, and similar behaviour measures, and generally 
consistent across temperament measures. 
4.10.1 Hypothesis 1: Interaction effects and support for the theoretical models 
To test the hypothesis that if temperament moderated the effect of parenting on behavioural 
development it would take the shape of either a diathesis stress, differential susceptibility, or 
vantage sensitivity model, this study examined numerous statistical models that included 
interactions between parenting and temperament predicting behavioural outcomes.  
Detailed exploration of these interactions with discipline relevant statistical criteria showed that 
there was very limited support for the diathesis stress model (3 interactions) and no support for the 
differential susceptibility or vantage sensitivity models. Moreover, the study found evidence for 
one-way (2 interactions) and two-way (8 interactions) contrastive models. Thus, the first hypothesis 
was weakly supported. 
Regarding the three diathesis stress interactions, more reactive children exhibited more behaviour 
problems, compared to less reactive children, in context of developmentally poor parenting. Similar 
diathesis stress effects have been observed in previous research (Gallitto 2015; Kiff et al. 2011; 
Morris et al. 2002; Roisman et al. 2012; Slagt et al. 2016b; Stoltz et al. 2017) and may be due to 
children with a reactive disposition to negative outcomes or more difficult temperament responding 
to harsh parenting more than non-reactive children. The reactivity may cause a heightened stress 
response system and subsequent issues with behavioural regulation when parenting is rejecting and 
hostile (Belsky et al. 1998, 2007; Moore & Depue 2016).  
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In terms of the ten contrastive models, where beneficial and detrimental parenting for reactive and 
non-reactive children are at opposite ends of the distribution, these interactions have been illustrated 
in theoretical accounts of how child characteristics moderate the effect of parenting on behavioural 
outcomes (Belsky et al. 2007), yet a mechanism remains elusive. The mechanism for the reactive or 
difficult child may be that negative or positive experiences register more heavily on their experience 
and thus encourage poor or excellent behavioural regulation (Boyce 2016; Moore & Depue 2016), 
with similar findings to those above found for reactive children (Kim & Kochanska 2012; Roisman 
et al. 2012). How the mechanism operates for non-reactive children, however, is much more 
uncertain. For example, Stocker et al. (2017) used a polygenic index of reactivity and found that in 
low quality parenting environments (more hostility and less warmth) the proposedly least reactive 
children had comparably fewer externalizing and externalizing and internalizing behaviours than 
reactive children, yet in high quality parenting environments (less hostility and more warmth) the 
least reactive children had comparably more externalizing and externalizing and internalizing 
behaviours than reactive children. However, using only internalizing type behaviours did not 
replicate for better or worse patterns for non-reactive children. In any case, they limit the discussion 
to concluding the result is difficult to explain and awaits replication (Stocker et al. 2017). Likewise, 
Slagt et al. (2018) found that children with low sensory processing sensitivity (non-reactive) had 
increases in externalizing behaviours if positive (warm, responsive, autonomy granting and 
reasoned) parenting increased or negative (harsh, inconsistent and punitive) parenting decreased, 
when positive parenting decreased or negative parenting increased these non-reactive children had 
declines in externalizing behaviours. For children high in sensory processing sensitivity (reactive) 
the opposite trends was observed. They find the interaction effects were less influenced by the use 
of lower cut-points (e.g., 1 SD) for the reactive children and put forth that future research would 
have to bear out the robustness of these findings and their potential explanations. Finally, results 
from Leerkes et al. (2009) suggested two-way contrastive effects where higher parental sensitivity 
to distress protected temperamentally reactive children from behavioural dysregulation, but 
increased behavioural dysregulation in non-reactive infants. They proposed the sensitivity to 
distress may intrude on non-reactive children and limit self-regulation development or reduce 
compliance with parental assistance. Yet, again concluding further research is needed to examine 
these findings.  
One possibility to explain the contrastive outcomes of non-reactive children is that high parental 
warmth and non-harsh parenting may indicate parenting that is over-protective of the non-sensitive 
child (Leerkes et al. 2009; Spokas & Heimberg 2009; Wood et al. 2002). Specifically, a high 
warmth or low harsh parenting environment that indicates overprotection may restrict stress 
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regulation experiences that would register on less sensitive sensory systems and facilitate the 
development of coping strategies in non-reactive children (Edwards et al. 2010; Rapee 1997; Rubin 
et al. 2009; Ungar 2009). This may lead to further self-regulation issues when dealing with stressful 
interactions with peers or schools (Day et al. 2018). By not being exposed to experiences that allow 
them to develop stress regulation capability, these overprotected children may internalize or 
externalize stressful experiences they have not yet adjusted to experiencing at home (Rubin et al. 
2009).  
On the other hand, this overprotection idea runs counter to one observed interaction in this study. 
Specifically, children with high introversion (reactive) were associated with more internalizing 
behaviours if parental warmth increased over time, whilst children with low introversion (non-
reactive) decreased in internalizing behaviours over time if parental warmth increased (Figure 4.3a). 
It could, therefore, be that increases in parental warmth may register as overprotection for already 
sensitive children such that they develop inadequate stress regulation skills. Whilst increases in 
parental warmth provide positive emotional support for the non-sensitive children who may be less 
receptive to parental warmth. As this is the opposite to the earlier findings of higher average 
warmth being a predictor of fewer or more internalizing behaviours for the reactive and non-
reactive children, respectively, it seems difficult to reconcile these contrasting results without 
further study or the presence of other moderating effects of introversion.  
Alternatively, high parental warmth may not fully capture the range of parenting experiences 
necessary to explain the development of internalizing behaviour. For example, because the typical 
reactive child might require more parental investment in behavioural management, equivalently 
high parental warmth for non-reactive children could actually indicate indulgent parenting and 
limited behavioural management (Hart et al. 2003; Sanson et al. 2004; Super et al. 2008). Indeed, 
there was a significant negative correlation between difficult temperament and parental warmth and 
a positive correlation between difficult temperament and harsh parenting. Thus, it could be that the 
proportion of non-reactive children with high warmth, indulgent parents is higher than that of 
reactive children due to bidirectional associations between child temperament and parenting (Kiff et 
al. 2011; Paulussen-Hoogeboom et al. 2007). This expansion to how the parenting environment is 
indexed could in part describe the cross-over interaction pattern but would need a multidimensional 
parenting measure to be clarified.  
A final thought may be that this study may have disproportionally excluded children with relevant 
characteristics that could have influenced the estimation of interactions in the statistical model. As 
only one diathesis stress interaction and a single one-way contrastive interaction were from within 
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person terms, most interactions were average, between-person terms that may be modelling 
unobserved variation between children. Thus, less rigorous evidence supported the two-way 
contrastive model. 
4.10.2 Hypothesis 2: Multiverse analysis and consistency of effects 
A multiverse analytical approach, that estimated nearly all possible variable combinations, was used 
to test the second hypothesis. Specifically, the second hypothesis was that if temperament 
moderated the effects of parenting on behaviour, then the interaction would be consistent at all ages 
and across time, consistent across reporters of behaviour, parenting environments, and similar 
behaviour measures, and generally consistent across temperament measures. 
Support for this second hypothesis was largely absent as evidence that temperament moderated the 
effect of parenting on a behaviour had substantial inconsistencies tied to analytical decisions. There 
were no systematic pockets of evidence. Instead, overwhelming inconsistencies were observed 
across ages, measures of temperament, parenting, and behaviour, and mother and teacher reports of 
behaviour. 
Two potential explanations for the relative inconsistencies are evident. First, the interactions may be 
adequate statistical descriptors and simply reflect high levels of within-population variability. All 
relevant criteria for determining an interaction were met and the results were occasionally replicated 
across different outcome types, parenting environments, and temperament scales. Thus, these 
results may be an example of different sensitivities to different environmental influences for 
different outcomes due to different reasons (Moore & Depue 2016). Indeed, variation in evidence 
for the theoretical models has been previously reported. Other studies have found variation across 
ages (Roisman et al. 2012), gender (Sulik et al. 2014) negative and positive parenting environments 
(Zhang et al. 2015), outcome domains (Roisman et al. 2012; Slagt et al. 2016b), study informants 
(Belsky et al. 2015; Hastings et al. 2015; Rabinowitz et al. 2016) and measures of sensitivity 
(Belsky et al. 2015; Slagt et al. 2018). Subsequently, associated reasons for this variation can be 
proposed, such as sensitive periods of development, gender based variation, and contextual 
variation of informants (Rabinowitz & Drabick et al. 2017). 
The second explanation for inconsistency may relate to inadequacies in the measurement. Given 
extensive theoretical and empirical evidence supporting biological variation in reaction to 
environment (Boyce 2016; Moore & Depue 2016), a closer look at the measures used to index 
parenting, behaviour, and the sensitivity moderator may identify limitations.  
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4.10.3 Do limits of measurement explain inconsistent evidence? 
Testing of Individual difference models require measurement of environment, child 
reactivity/sensitivity, and child outcome. Limitations in measurement of any one of these 
components may limit theoretical testing. Below, several limitations in these measurements are 
outlined. 
In this study, parenting was the environmental measure. The sample had very high levels of parental 
warmth and low levels of harsh parenting. This indicates that variation in these practices may not 
have been adequately measured or that the parents were highly similar in these practices. Moreover, 
the reliability of harsh parenting was low in some instances. Further, as the parenting measures 
were self-report and not validated by observation (Hawes & Dadds 2006) there may have been 
measurement error resulting from social desirability of answers (Bennet et al. 2006), such that the 
range of parenting was not adequately captured (Gardner 2000).  
The child outcome focused on behaviour. Again the data evidenced low levels of variability. Few 
children had extremes of behavioural difficulties. The behaviour measure, the SDQ, may not be 
appropriate in distinguishing children performing much better, or worse, than other children (Belsky 
& Pluess 2009; Rosiman et al. 2012). A historical examination of the development of the SDQ 
reveals it was initially used to classify children with and without psychiatric disorders (Goodman 
1994, 1997). Instead of a dimensional measure of behavioural difficulties, this makes it a classifier 
of potential psychiatric disorder. Further, a later study aiming to prove its dimension aspect made 
incorrect inference. Specifically, Goodman & Goodman (2009) compared the ability of the SDQ to 
predict psychiatric disorder as a continuous (e.g, 0 to >32) and categorical measure (e.g., 0 vs 1, 0 
vs 2, 0 vs 4 etc.). In all models they observed the continuous SDQ fit better overall than categorical 
SDQ categories. They incorrectly inferred this meant the “odds of disorder increased at a constant 
rate across the range” of the SDQ. Specifically, the tests of model fit used (log-likelihood ratio 
tests) penalise a model with more coefficients. Therefore, any non-significant difference between 
two sequential categories could demonstrate the categorical variable as a worse fit and a significant 
difference between one or a few sequential categories could not make enough difference to sway 
the overall model test. Thus, the overall model test is not appropriate to evaluate the dimensionality 
of the SDQ. Complicating their interpretation further, Figure 1 of their paper illustrating the 
prevalence of disorder (y-axis) against SDQ (x-axis) clearly shows overlapping 95% confidence 
intervals of disorder prevalence between many sequential SDQ scores. This implies there is a non-
significant difference between these SDQ scores and thus their conclusions are misstated. In context 
of the present study, this suggests the SDQ may have captured problematic behaviours but may not 
represent normative and comparative behavioural development of children. In addition to these 
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issues, reliability of behaviour reports was sometimes low, parent and teacher reports of behaviour 
could be inaccurate (An et al. 2018), and parent reports could correlate with their desired answers 
for temperament and parenting based questions.  
The sensitivity moderator was indexed by parent reports of temperament at age 4 and 6 and may not 
have adequately captured biological sensitivity for two main reasons. First, the 12 items used were 
taken from a pool of 72, where originally 17 items measured reactivity, 10 measured persistence, 
and 9 items measured introversion (Sanson et al. 1994). It may be that the reduced number of items 
missed key variation between children. For example, Rosiman et al. (2012) found more consistent 
evidence than this study for difficult temperament moderating the effect of maternal sensitivity on 
behavioural development, but they used a 50 item indicator of infant temperament. Validation of the 
key temperament components Roisman et al. (2012) used may offer insight into why temperament 
was not as predictive in this study. Moreover, the biological aetiology of temperament was not 
confirmed with indicators of biological sensitivity, such as genetic and endophenotypic variation 
(Howarth et al. 2016; Nigg 2006; Saudino & Micalizzi 2015; Whittle et al. 2006). Similarly, due to 
strong links to biology temperament may be better indexed during infancy as temperament and 
environment interact across time and later measurement may not adequately capture biologically 
based sensitivity but rather behavioural reactions (Bornstein et al. 2015a; Roisman et al. 2012). 
Second, and more concerning, the 12 items chosen to index easy and difficult temperament were 
selected because they had the “strongest relationship with our behaviour problem measures” (Prior 
et al. 1989). These behaviour problems were indexed by the Preschool Behaviour Questionnaire 
(Behar & Stringfield 1974), which was based on the Rutter (1967) Children’s Behaviour 
Questionnaire which, in slightly different form (Rutter 1970), was also used by Goodman (1994) in 
the initial development of the SDQ. Thus, by design the 12 items used to measure temperament in 
the present study have the strongest overlap with the measure of behavioural problems. It therefore 
seems possible the excluded (up to 60) temperament items might tap regulatory and sensitivity 
differences between children that may be relevant for individual by environment models of 
behavioural development (Lengua et al. 1998). Finally, parents may have been biased to indicate 
socially desirable child temperament, though because temperament requires information on child 
reactions to experiences over time mothers are often considered acceptable informants (Achenbach 
& Edelbrock 1978; Sanson et al. 1994). 
Overall, considering there were very few consistent trends and the possible issues with 
measurement of parenting, temperament, and behaviour, it appears that the measurement limitations 
are a likely explanation for the varied and sporadic findings of this study.  
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4.11 Strengths, limitations and improvements 
This study was strengthened by a large sample size, longitudinal design, use of both mother and 
teacher reports of behaviour, comprehensive analytical investigation, and indictors of both negative 
and positive aspects of parenting.  
Limitations include that in several instances, residual diagnostics indicated that very high and low 
values of externalizing and internalizing behaviours could be predicted better. Improvements might 
be made using an alternative modelling strategy, such as using a Poisson or Negative Binomial 
model to account for the left-skewed distribution of these behaviours (Gardner et al. 1995). 
Nonetheless, Gaussian linear models, in various forms, are the primary tool that has been used 
within the child development literature to assess interactions for the hypotheses of interest (e.g., 
Roisman et al. 2012). 
A further limitation is that a comparison of results using complete cases and partial information 
offset by data imputation was not performed in this study. Although the complete case was quite 
similar to the full sample on the variables of interest and the influence may likely be small, it may 
be that magnitude and precision of effects were underestimated (Goldstein et al. 2014; Graham et 
al. 2007; Grund et al. 2018; Mister & Enders 2017; Schafer & Yucel 2002). Imputing data would be 
a valuable contribution of future research to more fully explore result sensitivity. It must be kept in 
mind, however, that performing such imputation in an adequate way can be logistically difficult. 
Recent progress has made it possible to impute data with non-normal distributions and ordinal 
categories in multilevel models with substantive model compatible specifications that also allow for 
interactions to be imputed directly (Bartlett et al. 2015; Enders et al. 2018a; Enders et al. 2018b). 
Nonetheless, from experience, achieving convergence can be computationally burdensome and in 
some cases infeasible with large sample sizes, complex models and non-normally distributed, 
ordinal variables with many values (>10). Moreover, a model must be specified for each outcome 
variable. In context of the current study, this would equate to creating 32 separate data sets to 
validate the hybrid model results. Though difficult, however, this would improve confidence in the 
effects for a larger sample of children. 
Finally, the limitations of measurement, as discussed above, present significant level of concern in 
interpretation of the findings. The study was dependent on secondary data analysis where a large 
sample size is traded-off for available measures with a limited number of items.  
A major improvement to this study would be to apply the same rigorous analytical approach to 
higher quality measures of the parenting environment, higher quality and more extensive 
temperament measures combined with other indicators of biological sensitivity and high quality 
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measures of behaviour that have more variation and dimensionality. By systematically varying key 
components of models and asking for rigorous evidence a detailed understanding of how child 
sensitivity moderates the effect of parenting on behavioural development may emerge. 
4.12 Conclusion 
This study examined how child temperament moderated the effects of parenting emotional quality 
on behavioural development in a large longitudinal sample of Australian children surveyed at ages 
4, 6 and 8. Evidence was found that child temperament (difficult, reactivity and introversion) 
moderated the effect of parenting warmth and harsh parenting on the development of teacher and 
mother reported internalizing behaviours and conduct problems consistent with either two-way 
contrastive effects, one-way contrastive effects or diathesis stress. However, evidence of interaction 
effects was inconsistent across child ages, temperament components, parenting measures, teacher 
and mother behavioural reports and similar behavioural outcomes. The study highlighted the need 
to evaluate interactive models in detail and suggests future research could improve on this study by 
using higher quality and more extensive measures of temperament, parenting and behaviour 
combined with the same rigorous evaluation of statistical models.  
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Chapter 5: Testing individual difference models in a longitudinal sample of Australian and 
US children: Parenting, infant temperament, and behavioural outcomes 
5.1 Introduction 
A long standing principle of developmental psychology is that individuals vary in their response to 
the environment (Slagt et al. 2016b; Wachs & Gandour 1983). That is, each child’s development is 
the product of the interaction between their individual biology and developmentally salient 
experiences (Plomin et al. 2006; Rutter 2007). Several theoretical models have been proposed to 
explain how an individual’s characteristics may moderate the effects of their early care 
environments on their ongoing behavioural development. These models include diathesis stress 
(Zuckerman 1991), differential susceptibility (Belsky 1997; Ellis et al. 2011), and vantage 
sensitivity (Pluess & Belsky 2013).  
While there is a strong theoretical basis for the principle of individual variability and associated 
theoretical models (Boyce 2016; Pluess 2015), and empirical evidence in animal models and some 
experimental studies (Caspi & Moffitt 2006; Pawlak et al. 2008), the literature has so far been 
largely unable to produce systematic and convincing evidence in population samples to elucidate 
mechanisms. That is to say, our understanding of exactly how individual differences in reactivity 
and regulation moderate the effects of early care experiences on behavioural development remains 
unclear (Rabinowitz & Drabick 2017). Chapter 3 and 4 of this thesis have illustrated this point. 
Chapter 3 presented a literature review and found that of 542 interactions examining how individual 
differences moderate the influence of parenting on behavioural development, only 86 (16%) were 
considered statistically reliable. Further, these 86 significant interactions varied in support for 
individual by environment theoretical models. This variation was not clearly linked to differences 
between studies in terms of measurement and analytical design. This inconsistent evidence was 
elucidated in Chapter 4, where the multiple ways of exploring an interaction between temperament 
and parenting when predicting behavioural development showed two important insights. First, the 
large majority of interactions (97.5%) were sporadic and not statistically reliable. And second, the 
statistically reliable interactions (2.5%) supported varying theoretical models and differed across 
similar measures of parenting, temperament, behaviour, reporters of behaviour, and child age. This 
implies, therefore, that there are gaps in the theory-to-evidence knowledge continuum for individual 
by environment interactions. 
As this gap in the theory-to-evidence knowledge continuum exists, it is important that additional 
research apply a more systematic strategy in testing theoretical models. By systematically exploring 
evidence generated over multiple studies, trends may be observed that highlight the optimal 
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methods to test these theoretical models within the complexity of influences on human 
development. While individual × environment models are well supported in less complex 
developmental models, there are significant challenges when studying human development that has 
multiple ‘moving parts’ in terms of individual differences, environments, important developmental 
outcomes, and the methods used to measure these components (Dick et al. 2015; Meany 2010; 
Plomin & Bergeman 1991; Rutter et al. 1997; Sameroff 2000). 
5.2 Role of measurement in individual × environment interactions 
One possible source of variation in testing individual difference theoretical models of behavioural 
development is measurement (Ellis et al. 2011; Roisman et al. 2012). In this chapter, again 
examining parenting × temperament interactions as predictors of behaviour, four areas of variation 
in measurement are considered: coverage, content, information source, and child age at assessment 
Regarding coverage, the distributions for some measures of parenting, temperament, or behaviour 
can be highly skewed and, therefore, not capture the range of population experiences. For example, 
the parental warmth scale analysed in Chapter 4 had a positively skewed distribution in which 
parental warmth reported at or below the scale mid-point in only 0.7% of the observations over 
three measurement occasions. Likewise, the harsh parenting scale was only reported at or below the 
midpoint for 4.1% of observations. Although some children may be exposed to hostile, low warmth, 
and invasively restrictive early parenting, if the parenting measure does not sufficiently capture 
these experiences inferential ability is lowered or entirely removed and efficiency of detecting 
interactions drastically declines (McClelland & Judd 1993). Using measures with more coverage of 
possible variation may therefore identify a greater number of individual by environment interactions 
(Ellis et al. 2011).  
With regards to content, short-version scales used to measure temperament, parenting, and 
behaviour may not capture as much variation between children and parents as their full-item 
counterparts. More specifically, when measuring temperament the use of shortened scales may 
compromise the construct of temperament assessed and limit the potential to capture the range of 
underlying sensitivity to parenting (Levy 1968; Putnam & Rothbart 2006; Smith et al. 2000). For 
example, the easy–difficult scale from the Short Temperament Scale for Infants (STSI; Prior et al. 
1989) consists of three dimensions (approach, irritability, cooperation), whereas the full STSI has 
two further dimensions (activity-reactivity, rhythmicity) that tap important regulatory and reactivity 
characteristics likely to distinguish children more sensitive to developmental experiences. By 
capturing more variation, longer, full-item scales may enhance the identification of individual by 
environment interactions (McClelland & Judd 1993). However, short-version scales are more likely 
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to be favoured in large population studies as a means to reduce respondent burden and maximise the 
number of constructs measured (Elgar et al. 2006; Putnam et al. 2014).  
Regarding measurement source, variation in the methods used to obtain information on behaviour, 
temperament, and parenting may explain variation in findings across studies (Achenbach et al. 
1987; Patterson & Forgatch 1995; Seifer et al. 1994). For example, there are merits and limitations 
of measuring parenting behaviour via self-report or observation. Self-reports can be valuable for 
obtaining information on uncommon parenting behaviours and providing a general parenting 
overview, though there may be bias if parents choose to report a false ideal image of their parenting, 
have difficulty accurately recalling their parenting behaviour, or have an overly positive or negative 
view of their parenting (Bornstein et al. 2015b; Locke & Prinz 2002; Milner & Crouch 1997; 
Morsbach & Prinz 2006). Additionally, parental characteristics, such as mental health, may bias 
reported information (Richters 1992). On the other hand, whilst calibrated observations of 
researchers may accurately identify parenting experiences on a comparative scale, observation 
methods are typically limited in scope (Gardner 2000; Zaslow et al. 2006). Observation requires 
sampling an event or time period, raising questions about representativeness. Additionally, parents 
may modify their behaviour under observation or the observation context may not elicit parenting 
behaviour that is proposed as developmentally important (e.g., physically aggressive parenting in 
response to child behaviour; Hill et al. 2008). Therefore, the relative strengths and weaknesses of 
observation and self-report measures may play an important role in evaluating individual by 
environment interaction effects (Rabinowitz & Drabick 2017; Slagt et al. 2016b; Uher & McGuffin 
2010). 
Time of assessment, in the study of human behavioural development, is a substantial and complex 
source of measurement variation that may influence the identification of individual by environment 
interactions (Hall & Perona 2012). For instance, temperament while biologically driven and visible 
from early age is subject to environmental influence (Blandon et al. 2010; Bornstein et al. 2019; 
Janson & Mathiesen 2008). Thus, the measurement of genetically-driven temperament may be more 
reliable when measured early in life when effects of early developmental experiences are least 
likely to obscure the measurement of an underlying biological reactivity (Slagt et al. 2016a). Yet, at 
the same time, it may be that as temperament changes a child can fluctuate from sensitive to non-
sensitive (Belsky & Pluess 2009; Roisman et al. 2012). Thus, earlier temperamental sensitivity may 
not identify later sensitivity (Roberts & DelVecchio 2000). These examples show that time of 
assessment maps to key theoretical considerations that may influence the identification of individual 
by environment interactions. 
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5.3 Aims of this chapter 
Given the potential role of measurement in detecting individual by environment interactions, this 
chapter systematically explores how different measures of parenting, behaviour, and temperament 
may influence support for theoretical models of individual by environment interactions. 
Specifically, the temperament by parenting interactions analysed in chapter 4 are modified to 
accommodate several new, potentially more promising measures. Data from the Longitudinal Study 
of Australian Children (LSAC) are used again, but employing measurement of temperament 
assessed when children were younger and employing an alternative measure of parenting that may 
cover more content through wider scaling.  
In addition, this chapter incorporates a similar aged sample of children from the US Family Life 
Project (FLP) that has alternative and more extensive measures of temperament, two additional 
behaviour scales with more coverage, and measures of observed parenting assessed on two 
occasions. Importantly, an identical behavioural outcome is available for both studies. 
By systematically exploring how different measures may influence support for the individual by 
environment theoretical models, this chapter may highlight key areas where measurement choices 
can bridge the gap between theory and evidence. 
The following research questions, indicated by underlined text in Figure 5.1., are explored; 
1) Do more symmetric distributions of parenting and behaviour measures identify more 
interactions than skewed distributions? 
2) Does a longer (more items) measurement of parent reported temperament identify more 
interactions than a shorter one? 
3) Are measures derived from observations of parenting behaviour more revealing of 
interaction effects compared to self-reported parenting measures? 
4) Are more interactions identified when temperament is measured at a younger age compared 
to when temperament is assessed at a later age? 
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Figure 5.1. Outline of measurements used in chapter 4 and this chapter (5) to test temperament × 
parenting interactions predicting behavioural development. Systematic changes in chapter 5 are 
underlined and include 1) two behaviour and one parenting measure(s) with greater variance of 
response scales, 2) a longer (more items) and more comprehensive measure of temperament, 3) 
observed parenting measures (all other measures parent report), and 4) temperament measured 
when the child was younger. 
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5.4 Methods 
5.5 Data 
To address the research questions, we used secondary data from two different studies: The LSAC 
and the FLP. 
5.5.1 Longitudinal Study of Australian children 
The LSAC is a large longitudinal survey following two cohorts of Australian children recruited in 
across 2003-2004 to evaluate the influence of Australia's social and cultural environment on 
childhood development (LSAC 2016). The first cohort, the birth cohort, recruited infants younger 
than 1 year of age and was used in the current study. These infants were born between March 2003 
and February 2004. The initial 5107 primary parents and their infants were selected using stratified 
random sampling from Australian Medicare records to be representative of all children in Australia. 
However, the Medicare record may not include all Australian residents and thus LSAC 
approximates a representative sample of children from urban and rural areas of all states and 
territories in Australia at baseline. A new wave of data was collected every two years, with waves 1 
(age 0-1), 2 (age 2-3) and 3 (age 4-5) constituting the frame for key variables used in this study. 
Data from the primary parent were collected for LSAC during home visits using face-to-face 
interviews and during which questionnaires were provided for postal return. Ages of children for 
the analysis sample in years were Mean (M) = 0.77 Standard Deviation (SD) = 0.21 at age 0-1 
(wave 1), M = 2.90 SD = 0.24 at age 2-3 (wave 2), and M = 4.83 SD = 0.23 at age 4-5 (wave 3).  
From the entire LSAC sample (n=5107), the analytical sample was first restricted to surveys of the 
primary caregiver who filled out the main externalizing and internalizing behavioural outcome 
survey in wave 3 (n=3609). The same caregiver was used to maintain consistency of the reporter of 
information and to use covariates observed before parenting was collected (Murray et al. 2007; 
Kersten et al. 2016). Nearly all primary caregivers at wave 3 were the child’s biological mother 
(99%). Children were excluded if at the first wave (ages 0-1) the parent indicated the child had long 
term effects as a result of a head injury, stroke or other brain damage (n=1), blackouts (n=2), or 
chronic or recurring pain (n=0). Exclusion decisions were based on prior exclusions documented in 
the literature (e.g., Roisman et al. 2012) with the underlying rationale relating to the biasing effect 
of such disorders on parenting, temperament and behaviour (D’Souza & Karmiloff-Smith 2017; 
Kim et al. 2016). Additionally, due to convergence issues with missing categorical data when using 
imputation routines, parents who did not report education in wave 1 were excluded (n=4). 
Following exclusions, the remaining sample comprised 3602 children. Missing data were imputed 
using fully conditional specification methods specified in the analytical plan (Section 5.9). A 
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comparison of included and excluded children on analytical variables is provided in the results 
section. Note that the 1289 children analysed in Chapter 4 are also in this chapter’s included 
sample. 
5.5.2 Family Life Project 
The FLP is a longitudinal study of 1292 children and families living in non-urban, lower income 
communities in the United States of America (see Willoughby et al. 2013 for sampling procedure). 
Families and their newborns living in two major geographical areas characterised by being both 
rural and having high levels of child poverty (including three counties in eastern North Carolina and 
three counties in central Pennsylvania) were recruited using a stratified random sampling procedure. 
This stratification yielded an area based representative sample of families with a child born between 
September 15, 2003, and September 14, 2004. African American families were oversampled in 
North Carolina, but this was not necessary in Pennsylvania as the majority of the population of 
sampled communities was non-African American (over 95%).  
The current study uses computerised parent-report and observational FLP data collected during 
home visits when participating children approximated 2, 6, 15, 24, and 35 months of age. Because 
parts of the FLP sample are restricted-access and data security requirements were infeasible to meet 
at time of analysis, some demographic information was unavailable for this analysis (e.g., caregiver 
education and relationship to child). However, a range of more detailed demographic processes 
influencing behavioural development were available. From information available, ages of children 
in months at each time point were M = 2.64 SD = 1.26 at 2 months (wave 1), M = 7.72 SD = 1.47 at 
6 months (wave 2), M = 15.68 SD = 1.3 at 15 months (wave 3), M = 24.8 SD = 1.87 at 24 months 
(wave 4), and M = 37 SD = 1.75 at 35 months (wave 5). 
In line with existing research conducted using the FLP (e.g., Raver et al. 2013; Mills-Koonce et al. 
2016), children were not excluded from analysis on the basis of caregiver gender or possible 
impairments. Parenting data used in the analyses were from the care giver who reported on child 
behaviour at age 35 months. Nearly all primary care-givers of the entire sample were the child’s 
biological mother (e.g., >96% at 35 month sample, Vernon-Feagans et al. 2013), so it is likely 
similar proportions are represented in the analysis sample (but this information was unavailable in 
the general release). Specifically, the analytical sample was restricted to children with information 
on the main externalizing and internalizing outcome variable at 35 months of age (n=1093). 
Missing data were imputed using fully conditional specification methods specified in the analytical 
plan (Section 5.9). A comparison of included and excluded children on analytical variables is 
provided in the results section. 
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For the FLP 15-month home visit, parents and children were provided a standardized set of 
developmentally appropriate toys and asked to play together as they normally would during free 
time. At the 24-month home visit, the parent and child were asked to complete a 10 minute puzzle 
task consisting of three puzzles of increasing difficulty. The parent was instructed that the task was 
for the child to complete, but they could help as needed. The play and puzzle tasks were video 
recorded for 10 minutes and later coded for parenting behaviours. 
5.6 Measures 
5.6.1 Moderator: Temperament (age 9 months) LSAC 
Temperament was measured with a reduced version of the Short Temperament Scale for Infants 
(STSI; Sanson et al. 1987) when the child was around 9 months old. Three STSI subscales were 
measured; irritability (4 items; e.g., this baby continues to cry in spite of several minutes of 
soothing); cooperation (4 items; e.g., this baby stays still during procedures like hair brushing or 
nail cutting) and approach (4 items; e.g., this baby's first reaction (at home) to approach by 
strangers is acceptance). Each subscale is the average of four items regarding how often a child’s 
behaviour matches a statement; almost never=1 to almost always=6. Cooperation and approach 
were reverse coded so that they indicated non-cooperation and non-approach. Higher scores 
indicate higher irritability, higher non-cooperation and higher non-approach. Difficult temperament 
was calculated as the average of irritability, non-cooperation and non-approach (Prior et al. 1989). 
Higher scores indicate a more difficult temperament. Reliability coefficients ranged from α=0.57 to 
0.74.  
5.6.2 Moderator: Temperament (age 6 months) FLP 
Temperament was measured with the revised Infant Behavior Questionnaire Revised (IBQ-R; 
Gartstein & Rothbart, 2003) via computer using Blaise software when the child was approximately 
6 months old. Five IBQ-R subscales were measured regarding child temperament over the past 
week to two weeks; fear/distress to novelty (16 items, 5 required; e.g., how often during the last 
week did the baby cry or show distress at a change in parents appearance, (glasses off, shower cap 
on, etc.)?), distress to limitations (16 items, 5 required; e.g., when something the baby was playing 
with had to be removed, how often did the baby cry or show distress for a time?), approach (12 
items, 4 required; e.g., when the baby saw a toy they wanted, how often did the baby immediately go 
after it?), duration of orienting (12 items, 4 required; e.g., how often during the last week did the 
baby look at pictures in books and/or magazines for 5 minutes or longer at a time?), and falling 
reactivity/recovery from distress (4 of 13 items, 2 required; e.g., when the baby was upset about 
something, how often did they stay upset for up to 10 minutes or longer?). Each subscale is the 
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average of the items answered from never=1 to always=7, and higher scores indicate greater 
frequency of the temperament construct. Though the IBQ-R was partially administered, these 
subscales are from higher level factors of extraversion/surgency (approach), negative affectivity 
(fear/distress to novelty, distress to limitations, (reversed) falling reactivity) and orienting/regulation 
(duration of orienting). Thus, only the higher level negative affectivity was calculated if two of the 
subscales were present. Pairwise (given enough required items were answered) reliability 
coefficients ranged from α=0.53 to 0.89. 
5.6.3 Environment: Parenting warmth and hostile parenting (age 3 years) LSAC 
Parental warmth was measured with six questions from the Child Rearing Questionnaire (Paterson 
& Sanson 1999) when the child was around 3 years old. Specifically, mothers were surveyed about 
their interactions with study child over the last six months in terms of question such as how often 
did you express affection by hugging, kissing and holding this child? Parents responded 
never/almost never=1 to all the time=5. Reliability coefficient for this parental warmth measure 
was α=0.85. 
Hostile parenting was measured using five items from the Early Childhood Longitudinal Study of 
Children, Birth Cohort (US Department of Education 2001) when the child was around 3 years old. 
The parent was surveyed for questions such as I have raised my voice and shouted at this child. In 
response, the parent answered not at all=1 to all the time=10. Reliability coefficient for this hostile 
parenting measure was α=0.85. 
5.6.4 Environment: Parenting during child play or challenge task (age 15 and 24 months) 
FLP 
The 10 minute videos of parent and child interactions during play (around 15 months) and a 
challenge task (around 24 months) were coded for seven parenting dimensions by trained observers 
(Cox & Crnic 2002; NICHD Early Child Care Research Network 1999). Specifically, coders rated 
the entire interaction period for sensitivity (level of responsiveness and support offered to the child 
contingent on the child’s needs), positive regard (positive feelings and warmth directed toward the 
child), stimulation (developmentally appropriate language use), animation (level of facial and tonal 
affect), detachment (degree to which the mother is disengaged), intrusiveness (controlling, parent-
agenda driven behaviours) and negative regard (hostile verbal and physical treatment of the child). 
Over 45% of observations used were double coded (15 months n=976, Kappa with squared weights 
range κ=0.71 to 0.80; 24 months n=515, Kappa with squared weights range κ=0.82 to 0.89) and 
coders discussed score differences before assigning a final score. Ratings ranged from not at all 
characteristic=1 to highly characteristic=5 at 15 months and from not at all characteristic=1 to 
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highly characteristic=7 at 24 months. The 15 and 24 month measures were analysed separately and 
as an average. Consequently, the 15–24 month average used a rescaled 24 months measure where 
1=1, 2 and 3 = 2, 4 = 3, 5 and 6 = 4, and 7 = 5 (Mills-Koonce et al. 2011). Sensitive and negative-
intrusive parenting composites were also calculated (Mills-Koonce et al. 2011). Sensitive parenting 
is average of, sensitivity, positive regard, stimulation, animation, and reversed-detachment, whilst 
negative-intrusive parenting is the average of negative regard and intrusiveness. The reliability 
coefficients for sensitive parenting (15 months, 24 and 15–24 average) ranged from α=0.89 to 0.91, 
whilst the respective range for negative-intrusive parenting was α=0.57 to 0.75. If parenting was 
missing at 15 or 24 months, the average consisted of the observed value. 
5.6.5 Outcome: Externalizing and internalizing behaviours and social-emotional competence 
(age 35 months FLP; age 5 years LSAC) 
Externalizing and internalizing behaviours and social-emotional competence were measured using 
the Strengths and Difficulties Questionnaire (SDQ; Goodman 1997; Kersten et al. 2016) at 
approximately 5 years for the LSAC sample and 35 months for the FLP. The SDQ consists of five 
subscales including emotional difficulties (5 items; e.g., often unhappy, depressed or tearful), peer 
problems (5 items; e.g., picked on or bullied by other children), conduct problems (5 items; e.g., 
often fights with other children or bullies them), hyperactivity (5 items; e.g., constantly fidgeting or 
squirming) and pro-social (5 items; e.g., considerate of other people’s feelings). Each subscale is 
the sum of five questions scored (reverse coded where relevant) not true=0, somewhat true=1, or 
certainly true=2. Higher level scales include internalizing (emotional difficulties and peer 
problems; 0–20), externalizing (conduct problems and hyperactivity; 0–20) and total difficulties 
(internalizing and externalizing; 0–40). Higher scores indicate more behavioural difficulties, except 
for the pro-social scale which indicates more social and emotional competence. For LSAC 
reliability coefficients for externalizing type scales ranged from α=0.67 to 0.77 and for internalizing 
type scales from α=0.54 to 0.65, whilst the pro-social scale was α=0.69 and the total scale was 
α=0.78. For FLP reliability coefficients for externalizing type scales ranged from α=0.68 to 0.78 
and for internalizing type scales from α=0.5 to 0.7, whilst the pro-social scale was α=0.67 and the 
total scale was α=0.82. 
Additionally, social and emotional competence were measured in the FLP sample using the Head 
Start Competence Scale (Domitrovich et al. 2000). Social competence is the average of 8 items (6 
required) e.g., resolves problems with fiends/siblings, whilst emotional competence is the average of 
6 items (4 required) e.g., copes with sadness. Items from not at all well=1 to very well=4, thus 
higher scores indicate competence. Pairwise (as not all items were required) reliability coefficients 
were α=0.86 for social competence and α=0.86 for emotional competence. 
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5.6.6 Covariates (age 9 months LSAC, age 2–6 months FLP) 
A range of covariates, with documented evidence of association with behavioural development 
(e.g., see Bayer et al. 2011; Haltigan et al. 2017; Kuckertz et al. 2017; Masten et al. 2005) were 
included in the analysis. If a covariate was observed more than once the average of that covariate 
was used. All time-varying covariates were taken before the first parenting measures used in 
analysis to avoid the bias of post-treatment variables (Gelman & Hill 2007, pg. 188-190; 
Montgomery et al. 2018). Covariates and age of collection are detailed in Table 5.1.  
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Table 5.1: Additional covariates used in analytical models. 
 Longitudinal Study of Australian Children Family Life Project 
Child age 
(continuous) 
Age at 9 month sample. Years; M = 0.77 SD = 
0.21. Months; M = 9.24 SD = 2.52. 
 
Age at 6 month sample or age at 2 month sample plus 4 
months. Years; M 0.64 SD = 0.12. Months; M = 7.72 SD = 1.48. 
Parent age years 
(continuous) 
Age at 9 month sample. M = 32.02 SD = 5.16. 
 
Parent age at 2 month sample. If data was only available at later 
ages (6, 15, or 24 months), the closest age to 2 months (e.g., 6 
over 15, 15 over 24) was reduced to approximate age at 2 
months. M = 26.37 SD = 6.53. 
Child gender Male = 51.1%, Female = 48.9% Male = 49.6%, Female = 50.4% 
Child race Aboriginal or Torres Strait Islander at 9 month 
sample (3.0%), Other (97%). 
Black = 43.7%, Other = 56.3%. More detail unavailable in 
general release. 
Caregiver 
education 
At 9 month sample; Year 11 and certificate or 
trade qualification (25.3%); Year 12 and trade 
certificate or qualification or diploma (38.7%); 
Bachelor degree or higher (36.1%) 
Unavailable in general release. 
Socioeconomic 
status 
Financial hardship scale (9 month sample). Six 
items assessing if parent experienced financial 
hardship, yes (1) or no (0), in the last 12 
months e.g., not been able to pay gas, 
electricity or telephone bills on time? α=0.62. 
Income-to-needs ratio (6 month sample; 2004). Household 
income divided by poverty thresholds defined by the United 
States Census Bureau. Observed minimum 0 and maximum 
16.49 used for POMP calculation. 
Caregiver 
depression 
Kessler K6 screen scale (9 month sample; 
Kessler et al. 2003). Six items on how the 
parent felt the last four weeks, e.g., [how 
often] did you feel worthless, ranging from all 
of the time (1) to none of the time (5). Reverse 
coded so higher scores indicate more 
psychological distress. α=0.82.  
Brief Symptom Inventory (Derogatis & Fitzpatrick 2004). Parent 
depression (6 items; e.g., feelings of worthlessness), anxiety (6 
items; e.g., nervousness or shakiness inside), and somatization 
(6 items; e.g., nausea or upset stomach) symptoms ranging 
from not at all (0) to extremely (4). Global severity index 
calculated as average of 18 items across 2 and 6 month 
sampling periods. 2 month α=0.86 and 6 month α=0.89. 
Home learning 
environment 
Unavailable. Infant Home Observation for Measurement of the Environment 
(HOME; Bradely et al. 1984). Sum of 11, minimum 4 required, 
observed (1) or not observed (0) conditions in home of child 
relating to learning materials e.g., at least 10 books are present 
and visible. 6 month sample, α=0.78. 
Stressful 
experiences 
Stressful Life Events, at 9 months. Sum of 14 
yes=1, no=0 items regarding if the parent 
experienced stressful life event in the past 
year e.g., suffered a serious illness, injury or 
assault. α=0.5. 
Life events checklist was used to create a sum of 47 experiences 
in the last 6 months noted as negative events weighted by the 
effect they had from no effect (0) to great effect (3); e.g., major 
personal illness/injury. 2 month sample, α=0.73. 
 Longitudinal Study of Australian Children only 
Child impairments Any present (1; n=17) or all absent (0) index of physical disabilities based on parent reporting child has limited use 
of arms or fingers, has difficulty gripping things, has limited use of legs or feet, has other physical condition or has 
other disfigurement. 9 month sample. 
 Any present (1; n=65) or all absent (0) index of sight, speech and hearing problems based on parent reporting 
child has sight problems, hearing problems, speech problems or ongoing problems with eyes or seeing properly or 
hearing problems. 9 month sample. 
 Children with either difficulty learning or understanding things or developmental delay were coded 
developmental delay present (1; n=34) or absent (0). 9 month sample. 
 
5.7 Missing data imputation 
Missing data were imputed using substantive model compatible fully conditional specification 
(SMC-FCS; Enders et al. 2018). Fully conditional specification imputes missing data for variable y 
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using observed values of y and a vector of observed covariates x (Mistler & Enders 2017). 
Specifically, Bayesian techniques are used to estimate and sample from univariate conditional 
distributions to impute values for missing y given observed y and x. Because of the univariate 
conditional nature of imputation, once a variable y has been sampled any missing data in x are 
sampled using information from the imputed y. Thus, variables are imputed one at a time, with the 
filled-in variable from one step serving as a predictor in all subsequent imputation steps (Enders et 
al. 2017).  
Substantive model compatible implies that there is a joint model for which the estimated conditional 
associations for analysed variables equal those used for the conditional imputation (Bartlett et al. 
2015). In practice, this involves imputing explanatory variables conditional on other explanatory 
variables with any polynomial and interaction terms of interest directly modelled, whilst the 
outcome variable does not impute the explanatory variables (Bartlett et al. 2015; Zhang & Wang 
2017). When examining interactions the SMC-FCS approach is preferable because the interaction is 
not directly imputed (the just-another-variable approach) or passively computed (the impute-then-
transform approach; Zhang & Wang 2017). Instead, in a single-step imputations from the sampling 
process are evaluated against the analytical model of interest and only valid observations are 
retained (Zhang & Wang 2017). Thus, SMC-FCS can reduce bias in parameter estimates of 
interaction effects (Bartlett et al. 2015; Zhang & Wang 2017). 
To capture the combination of different measures of temperament (difficult, negative affectivity, 
separate components) and parenting (hostile, warmth, negative/intrusive, sensitive, separate 
components) missing data models were run for each outcome including as many substantive 
interactions as feasible. In total, this amounted to 136 datasets that each contained 20 imputed 
datasets. Imputation was performed using Blimp software (version 1.1; Enders et al. 2018; Keller & 
Enders 2018). 
5.8 Analytical approach  
A multiverse approach to the analysis was undertaken (Steegen et al. 2016). The multiverse 
analytical plan recognises that variables can be operationalised in multiple ways and therefore to 
avoid capitalising on chance, and to promote transparency, a large number of possibilities should be 
explored. Specifically, by rotating through the numerous ways variables might be analysed the 
sensitivity of the results to research choices can be visualised. If consistent trends are identified 
confidence in the results is raised (Dick et al. 2015). The approach to the multiverse is detailed 
below and was important for the current study because there are 8 to 10 outcome measures 
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modelled by 2 to 9 parenting measures moderated by 4 to 6 reactivity measures in two data sets, 
equalling 1684 interactions. 
Using the imputed sample, the parent rated behavioural outcomes in all scale forms (e.g., conduct 
problems, hyperactivity and externalizing) were predicted by interactions between parenting and 
temperament such that all unique and plausible combinations were evaluated without doubling up 
modelled information e.g., not including temperament subscales with overall temperament scales. 
These interactions were evaluated using a general linear model and coefficients combined using 
Rubin’s rules for multiply imputed data (Barnard & Rubin 1999; Rubin 1987) with the simplified 
model form (Aiken et al. 1991) being; 
                                     Equation 5.1 
where y is the behavioural outcome, i indexes the child, x is the parenting measure, z is the measure 
of temperament, β indicates the regression coefficients and, ε is the residual errors that are normally 
distributed and independent with mean 0 and standard deviation σ, specifically, εi ~ Normal(0, σ2). 
β3 is the interaction coefficient. 
Interactions were evaluated for evidence of differential susceptibility, diathesis stress and vantage 
sensitivity using several criteria proposed by Roisman et al. (2012). First, the level of statistical 
significance was based on Benjamini and Hochberg (1995) procedure (critical value = 0.05) using 
only the interaction coefficients (1620 FLP, 64 LSAC) given the number of coefficients calculated 
in the multiverse analysis. Second, the Regions of Significance (ROS: Dearing and Hamilton 2006) 
for temperament given parenting, and parenting given temperament were calculated. Temperament 
must be a significant predictor at low and high, but not medium, values of parenting for differential 
susceptibility to occur, whilst diathesis stress and vantage sensitivity generally occur when 
temperament is significant at low, high or all values of parenting. Parenting should be significant at 
high or all values of temperament for differential susceptibility, diathesis stress or vantage 
sensitivity to occur. When parenting is significant at low and high values of temperament it can 
suggest an alternative model of contrastive effects. These contrastive effects either operate in two-
way (cross-over) or one-way (no cross-over) fashion that depend on the temperament coefficient 
given parenting. Low and high refers to the mean minus 2 Standard Deviations (SD) or plus 2SD, 
respectively. Third, the cross-over point where the lines of high and low temperament or parenting 
cross was calculated. The lines must cross-over within the range of observed parenting values for 
differential susceptibility, whilst cross-over points within the range of observed temperament 
suggest contrastive effects. Fourth, the proportion of children with parenting or temperament scores 
above the cross-over points was calculated (proportion affected; PA). Generally, 0.16 of children 
110 
 
above (positive parenting) or below (negative parenting) the cross-over point on parenting provides 
confidence that differential susceptibility is observed, and 0.16 or more children above (reactive) or 
below (non-reactive) the cross-over point on temperament provides confidence in two-way 
contrastive effects. Finally, if differential susceptibility was observed, quadratic parenting and 
quadratic parenting by temperament interactions were included to rule out non-linear functions of 
parenting.  
For each analysis, diagnostic plots of the residuals were examined to evaluate the normality of the 
residuals and validate assumptions of the statistical models (Pinheiro & Bates 2000, pg. 174). All 
continuous covariates were rescaled to Percentage of Maximum Possible (POMP) so that they 
ranged from 0 to 100 (Cohen et al. 1999). General linear models were estimated using R (version 
3.5.0; R Core Team 2018), with regression coefficients pooled using the MICE package (version 
3.3.0; van Buuren & Groothuis-Oudshoorn 2011), ROS calculated using the interplot package 
(version 0.2.1; Solt & Hu 2018), and conditional interaction plots created using the visreg (version 
2.5.0; Breheny & Burchett 2017) and ggplot2 (version 3.0.0; Wickham 2016) packages. 
5.9 Results 
5.9.1 Descriptive statistics 
Descriptive statistics (means and correlations) for the focus parenting, temperament and child 
behavioural outcomes, using complete case data, are presented in Table 5.2 (LSAC) and Table 5.3 
(FLP). Those for all other variables included in the analyses are provided in Appendix B. In terms 
of key and expected significant (p<0.05) associations; parenting; hostile/negative-intrusive 
parenting were inversely associated with warmth/sensitive parenting, respectively. Temperament–
parenting; hostile parenting was associated with more difficult temperament, whilst parental 
warmth was associated with less difficult temperament. Likewise, negative-intrusive parenting was 
associated with more negative affect (higher distress to limitations and fear, lower falling 
reactivity), whilst sensitive parenting with respectively lower negative affect. Behaviour–
parenting; positive parenting (warmth/sensitive) was associated with fewer externalizing and 
internalizing behaviours and more pro-social behaviour social and emotional competence, whilst 
these associations reversed for negative parenting (harsh/negative-intrusive). Temperament–
behaviour; difficult temperament was associated with more externalizing and internalizing 
behaviour and fewer pro-social behaviours. Similarly, negative affect (higher distress to limitations 
and fear, lower falling reactivity) was associated with more externalizing and internalizing 
behaviour and lower pro-social behaviour and social and emotional competence. On the other hand, 
approach was associated with fewer internalizing behaviours and more pro-social behaviour, as well 
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as more social and emotional competence in the FLP sample. A longer duration of orienting was 
associated with more social and emotional competence. Scale reliability; regarding scale reliability, 
parental warmth (α=0.846) and hostile parenting (α=0.846) were similar, whilst sensitive parenting 
(α=0.913) exceeded negative-intrusive parenting (α=0.702). Likewise, social (α=0.864) and 
emotional competence (α=0.86) had higher internal consistency than internalizing (α=0.651 to 
α=0.698), externalizing (α=0.772 to α=0.783), and pro-social behaviour (α=0.673 to α=0.685). 
Temperament measures in FLP had higher reliability (α=0.77 to α=0.888), except falling reactivity 
(α=0.526), compared to temperament in LSAC (α=0.57 to α=0.73). Missing data; finally, 
comparing included and excluded children, showed included children had higher parental warmth 
(0.10 pooled SD) and parenting sensitivity (0.40 pooled SD), slightly higher harsh parenting (0.02 
pooled SD), lower negative-intrusive parenting (-0.16 pooled SD), less difficult temperament (-0.07 
pooled SD), substantially lower fear (-1.04 pooled SD), fewer externalizing (-0.15 pooled SD) and 
internalizing (-0.31 pooled SD) behaviours, more pro-social behaviours (0.07 pooled SD) and, 
though compared to only a small number of children, lower social (-0.45 pooled SD) and emotional 
competence (-0.11 pooled SD). Thus, the analytical samples are generally weighted toward children 
with fewer behavioural difficulties and developmentally richer parenting.  
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Table 5.2: Correlations, means, standard deviations, reliability coefficients and effect sizes of difference (Hedge 
1981) to excluded sample (positive numbers indicate included sample was higher for measure) for key variables 
used in the analysis of LSAC data. Summary information, except correlations, for all variables used in the 
analysis is provided in Appendix B. Underlined numbers are significant at p<0.05. All measures are parent 
report. Additional numbers for temperament × parenting cells are relative efficiency, compared to an optimal 
sampling design, and the equivalent sample size if the research design was optimal (McClelland & Judd 1993). 
 1 2 3 4 5 6 7 8 9 
1 Hostile parenting          
2 Parental warmth -0.14         
3 Irritability 
0.14 
0.022/61 
-0.12 
0.021/65        
4 Un-cooperative 
0.11 
0.025/69 
-0.18 
0.024/76 0.3       
5 Non-approach 
0.1 
0.02/54 
-0.14 
0.018/56 0.27 0.33      
6 Difficult temperament 
0.15 
0.016/43 
-0.2 
0.018/56 0.71 0.76 0.73     
7 Externalizing 0.3 -0.11 0.13 0.13 0.01 0.12    
8 Internalizing 0.14 -0.09 0.1 0.08 0.12 0.13 0.34   
9 Pro-social -0.16 0.22 -0.11 -0.11 -0.11 -0.15 -0.4 -0.24  
Mean 23.3 90.4 29.8 36.6 25 30.4 5.4 4.8 7.7 
Standard Deviation 14.39 10.39 16.09 17.51 16.53 12.22 3.28 2.42 1.76 
n 2930 3448 3231 3235 3200 3145 3602 3602 3584 
Reliability (α) 0.846 0.846 0.57 0.655 0.73 0.744 0.772 0.651 0.685 
Effect size Hedges’ G 0.02 0.10 -0.04 -0.03 -0.11 -0.07 -0.15 -0.31 0.07 
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Table 5.3: Correlations, means, standard deviations, reliability coefficients and effect sizes of difference (Hedge 1981) to excluded sample for key variables used in 
the analysis of FLP data. Summary information, except correlations, for all variables used in the analysis is provided in Appendix B. Underlined numbers are 
significant at p<0.05. Obs. measures are observed, all others are parent report. No children with externalizing, internalizing or pro-social behaviour measures were 
excluded. Additional numbers for temperament × parenting cells are relative efficiency, compared to an optimal sampling design, and the equivalent sample size if 
the research design was optimal (McClelland & Judd 1993). 
 1 2 3 4 5 6 7 8 9 10 11 12 
1 Obs. Negative-
Intrusiveness (15 – 24 
month average)             
2 Obs. Sensitivity (15 – 24 
month average) -0.5 
           
3 Distress to limitations 
0.11 
0.031/31 
-0.21 
0.047/47 
          
4 Fear 
0.24 
0.043/41 
-0.34 
0.057/55 0.35 
         
5 Falling reactivity 
-0.19 
0.053/52 
0.28 
0.081/80 -0.28 -0.3 
        
6 Approach 
-0.03 
0.013/12 
0.08 
0.038/38 0.09 -0.07 0.31 
       
7 Orienting 
0.09 
0.036/35 
-0.06 
0.035/34 0.01 0.13 0.07 0.35 
      
8 Externalizing 0.31 -0.35 0.24 0.17 -0.18 -0.06 -0.01      
9 Internalizing 0.25 -0.34 0.16 0.29 -0.22 -0.16 0.03 0.49     
10 Pro-social -0.22 0.24 -0.17 -0.18 0.18 0.18 0.06 -0.37 -0.27    
11 Emotional competence -0.21 0.25 -0.17 -0.19 0.21 0.21 0.1 -0.43 -0.32 0.56   
12 Social competence -0.18 0.21 -0.2 -0.12 0.17 0.12 0.11 -0.49 -0.25 0.47 0.78  
Mean 33.5 46.3 40.9 30 70.3 71.4 44.4 7.8 3.9 6.4 2.5 2.2 
Standard Deviation 16.87 18.36 13.23 16.54 15.27 14.99 16.05 3.73 2.94 1.97 0.66 0.59 
n 1048 1048 1014 977 1003 1011 1001 1093 1093 1093 1092 1093 
Reliability (α) 0.702 0.913 0.77 0.888 0.526 0.846 0.816 0.783 0.698 0.673 0.86 0.864 
Effect size Hedges’ G -0.16 0.40 -0.02 -1.04 0.11 0.11 -0.02    -0.11 -0.45 
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5.9.2 Key research questions 
5.9.3 Interaction effects present in LSAC and FLP 
After adjustment for multiple comparison two of the 64 interactions in the LSAC sample indicated 
robust evidence for the moderating effect of temperament (Table 5.4). On the other hand, none of 
the 1620 interactions in the FLP sample demonstrated robust evidence, even when the multiple 
comparison test was made less conservative by splitting the sample three-ways based on age 
parenting was assessed (Tables 5.5, 5.6, and 5.7). 
5.9.4 Research Question 1: Do more symmetric distributions of parenting and behaviour 
identify more interactions than skewed distributions? 
To assess this question, comparison is made across studies as the observed parenting measures of 
the FLP have more variation and are less skewed than the parent reported measures of LSAC. 
Additionally, FLP parenting measures have higher relative efficacy in terms of how close the 
variance matches an optimal design to test for interactions (McClelland & Judd 1993). However, 
even though the LSAC hostile parenting measure had more answer capability ranging from 1 to 10, 
hostile parenting remained highly skewed. Despite this, the larger sample size in LSAC overall gave 
it a similar efficacy in absolute terms (sample equivalent to optimal design) to the FLP. Thus, 
comparing FLP and LSAC parenting partially allows the test of whether wider distributions detect 
more interactions, but it is confounded with the FLP using observed parenting measures. 
Additionally, the relative efficacy of the two samples was quite low (max 0.081), indicating 
interaction effects will likely be hard to detect. On the other hand, the social and emotional 
competence measures in FLP had more variation and less skew then externalizing, internalizing, 
and pro-social behaviour. This allows a comparison of whether the distribution of behaviour matters 
for detecting interactions within the FLP. 
As no interactions were observed in the FLP sample, however, there is insufficient evidence if 
wider distributions of parenting or behaviour identify a higher number of interactions. Likewise, the 
two interactions found in the LSAC sample do not convincingly (3% success rate) indicate skewed 
distributions of behaviour and parenting identify more interactions.  
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5.9.5 Research question 2: Does a longer measurement of parent reported temperament 
identify more interactions than a shorter one? 
A longer measure of temperament used in the FLP sample did not identify interactions, whilst the 
shorter measure of temperament used in LSAC had a 3% success rate. This provides insufficient 
evidence that shorter or longer measures of temperament identify substantially more interactions. 
5.9.6 Research question 3: Are observations of parenting more revealing of interaction 
effects compared to self-reported parenting? 
The FLP sample used observations of parenting and did not find interaction effects, whilst the self-
reported parenting in LSAC identified two interactions for a 3% success rate. These results do not 
support either observed or self-reported parenting as greatly improving the identification of 
interactions.  
5.9.7 Research question 4: Is temperament measured at a younger age associated with more 
interactions compared to temperament assessed later? 
The analysis of LSAC in chapter 4 used temperament measured at 4–5 years and identified 
interactions with a success rate of 2.5%, whilst the LSAC analyses here used infant temperament 
assessed at approximately 9 months and had a 3% success rate. This evidence indicates little 
advantage for either younger or older age of temperament assessment. 
 
  
Table 5.4: P-values for assessed interactions in the LSAC sample. Bold, underlined interactions 
significant after adjusting for multiple comparisons. Light grey shading p<0.05, dark grey shading 
p<0.01. Codes; CondP=conduct problems, Hyper=hyperactivity, Extern=Externalizing, EmD= 
emotional difficulties, PeerP=peer problems, Intern=Internalizing, Total = total externalizing and 
internalizing, ProSo = pro-social, Diff=difficult, Irrit = irritability, N-Appr = non-approach, UnCoop = 
uncooperative. 
 Hostile parenting Parental warmth 
Outcome Diff Irrit N-Appr UnCoop Diff Irrit N-Appr UnCoop 
CondP 0.208 0.962 0.46 0.166 0.217 0.704 0.127 0.606 
Hyper 0.441 0.747 0.082 0.534 0.226 0.995 0.062 0.492 
Extern 0.181 0.758 0.113 0.209 0.112 0.922 0.041 0.5 
EmD 0.015 0.0004 0.053 0.739 0.913 0.944 0.634 0.624 
PeerP 0.685 0.0024 0.233 0.742 0.422 0.387 0.981 0.515 
Intern 0.029 0.00003 0.384 0.935 0.565 0.663 0.585 0.918 
Total 0.581 0.011 0.648 0.341 0.463 0.804 0.211 0.47 
ProSo 0.617 0.978 0.467 0.172 0.17 0.011 0.841 0.36 
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Table 5.5: 15 – 24 month’s average parenting p-values for assessed interactions in the FLP sample. 
No interactions significant after adjusting for multiple comparisons. Light grey shading p<0.05, dark 
grey shading p<0.01. 
15 – 24 months  Parenting 
Temperament Behaviour Sensitivity Positive regard Stimulation Animation Detachment 
Sensitive 
parenting 
Negative 
regard Intrusiveness 
Negative-
intrusive 
Approach Conduct problems 0.868 0.167 0.019 0.218 0.085 0.074 0.12 0.37 0.184 
 Externalizing 0.862 0.209 0.028 0.522 0.148 0.135 0.309 0.746 0.521 
 Hyperactivity 0.804 0.536 0.135 0.919 0.474 0.391 0.954 0.735 0.92 
 Emotional difficulties 0.311 0.291 0.757 0.568 0.533 0.511 0.334 0.731 0.459 
 Peer problems 0.275 0.144 0.944 0.59 0.691 0.418 0.17 0.038 0.047 
 Internalizing 0.194 0.165 0.971 0.561 0.559 0.304 0.148 0.13 0.093 
 Total SDQ 0.63 0.934 0.144 0.917 0.525 0.7 0.151 0.348 0.165 
 Pro-social 0.675 0.555 0.5 0.74 0.276 0.642 0.887 0.603 0.857 
 Social competence 0.135 0.385 0.097 0.182 0.203 0.16 0.294 0.401 0.227 
 Emotional competence 0.45 0.53 0.2 0.349 0.32 0.231 0.679 0.767 0.657 
Distress to limitations Conduct problems 0.744 0.973 0.874 0.828 0.469 0.998 0.232 0.087 0.097 
 Externalizing 0.433 0.847 0.7 0.55 0.83 0.763 0.228 0.146 0.121 
 Hyperactivity 0.376 0.766 0.697 0.419 0.843 0.702 0.421 0.481 0.436 
 Emotional difficulties 0.206 0.114 0.035 0.343 0.022 0.139 0.025 0.372 0.095 
 Peer problems 0.582 0.246 0.167 0.664 0.216 0.247 0.078 0.463 0.118 
 Internalizing 0.293 0.119 0.044 0.469 0.04 0.072 0.011 0.282 0.041 
 Total SDQ 0.922 0.315 0.38 0.412 0.155 0.435 0.024 0.091 0.035 
 Pro-social 0.191 0.058 0.13 0.038 0.025 0.037 0.952 0.607 0.816 
 Social competence 0.467 0.013 0.599 0.089 0.056 0.097 0.693 0.968 0.973 
 Emotional competence 0.162 0.044 0.297 0.029 0.043 0.046 0.699 0.9 0.823 
Falling reactivity Conduct problems 0.939 0.393 0.252 0.906 0.469 0.947 0.746 0.595 0.753 
 Externalizing 0.673 0.396 0.435 0.903 0.553 0.752 0.895 0.173 0.337 
 Hyperactivity 0.283 0.975 0.678 0.908 0.95 0.573 0.792 0.055 0.252 
 Emotional difficulties 0.447 0.172 0.762 0.482 0.033 0.253 0.324 0.493 0.342 
 Peer problems 0.455 0.18 0.254 0.57 0.43 0.379 0.081 0.708 0.247 
 Internalizing 0.815 0.074 0.393 0.409 0.046 0.147 0.104 0.64 0.162 
 Total SDQ 0.793 0.134 0.864 0.647 0.148 0.621 0.316 0.152 0.178 
 Pro-social 0.638 0.632 0.426 0.985 0.943 0.715 0.978 0.178 0.395 
 Social competence 0.158 0.286 0.338 0.101 0.7 0.242 0.491 0.304 0.363 
 Emotional competence 0.264 0.489 0.878 0.315 0.73 0.327 0.237 0.309 0.223 
Fear Conduct problems 0.994 0.774 0.828 0.774 0.766 0.74 0.527 0.359 0.424 
 Externalizing 0.586 0.345 0.596 0.751 0.618 0.792 0.991 0.141 0.518 
 Hyperactivity 0.392 0.167 0.193 0.276 0.56 0.47 0.676 0.223 0.87 
 Emotional difficulties 0.339 0.084 0.257 0.046 0.074 0.054 0.345 0.559 0.281 
 Peer problems 0.128 0.031 0.019 0.067 0.03 0.009 0.721 0.233 0.376 
 Internalizing 0.11 0.02 0.023 0.014 0.013 0.006 0.353 0.279 0.215 
 Total SDQ 0.286 0.059 0.148 0.142 0.123 0.074 0.495 0.17 0.276 
 Pro-social 0.715 0.732 0.142 0.458 0.453 0.49 0.399 0.355 0.359 
 Social competence 0.838 0.738 0.808 0.894 0.563 0.899 0.834 0.78 0.992 
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Table 5.5: continued 
  Parenting 
Temperament Behaviour Sensitivity Positive regard Stimulation Animation Detachment 
Sensitive 
parenting 
Negative 
regard Intrusiveness 
Negative-
intrusive 
Fear Emotional competence 0.615 0.958 0.435 0.941 0.862 0.977 0.257 0.404 0.555 
Negative affect Conduct problems 0.664 0.693 0.505 0.848 0.668 0.684 0.673 0.466 0.539 
 Externalizing 0.46 0.688 0.674 0.937 0.969 0.737 0.572 0.447 0.444 
 Hyperactivity 0.446 0.597 0.873 0.569 0.832 0.974 0.546 0.481 0.481 
 Emotional difficulties 0.222 0.04 0.141 0.11 0.009 0.022 0.351 0.659 0.562 
 Peer problems 0.632 0.031 0.035 0.177 0.073 0.047 0.154 0.961 0.444 
 Internalizing 0.239 0.01 0.023 0.075 0.005 0.006 0.162 0.728 0.382 
 Total SDQ 0.846 0.057 0.285 0.18 0.091 0.24 0.224 0.433 0.295 
 Pro-social 0.417 0.326 0.086 0.294 0.282 0.227 0.733 0.203 0.377 
 Social competence 0.715 0.462 0.921 0.835 0.443 0.979 0.972 0.888 0.822 
 Emotional competence 0.934 0.757 0.516 0.836 0.592 0.798 0.961 0.972 0.72 
Orienting Conduct problems 0.625 0.018 0.764 0.068 0.055 0.125 0.862 0.153 0.364 
 Externalizing 0.707 0.113 0.643 0.368 0.128 0.318 0.244 0.302 0.139 
 Hyperactivity 0.944 0.869 0.777 0.662 0.623 0.932 0.073 0.662 0.126 
 Emotional difficulties 0.446 0.706 0.986 0.613 0.824 0.563 0.332 0.555 0.453 
 Peer problems 0.415 0.436 0.614 0.368 0.784 0.396 0.209 0.597 0.236 
 Internalizing 0.391 0.872 0.896 0.986 0.911 0.802 0.179 0.57 0.267 
 Total SDQ 0.821 0.373 0.922 0.623 0.302 0.602 0.126 0.284 0.1 
 Pro-social 0.177 0.054 0.09 0.15 0.304 0.069 0.843 0.22 0.46 
 Social competence 0.755 0.59 0.291 0.356 0.31 0.291 0.546 0.664 0.944 
 Emotional competence 0.463 0.429 0.174 0.258 0.125 0.107 0.147 0.919 0.195 
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Table 5.6: 15 month parenting p-values for assessed interactions in the FLP sample. No 
interactions significant after adjusting for multiple comparisons. Light grey shading p<0.05, dark 
grey shading p<0.01. 
  Parenting 
Temperament Behaviour Sensitivity Positive regard Stimulation Animation Detachment 
Sensitive 
parenting 
Negative 
regard Intrusiveness 
Negative-
intrusive 
Approach Conduct problems 0.734 0.491 0.133 0.298 0.341 0.368 0.038 0.515 0.102 
 Externalizing 0.678 0.524 0.194 0.62 0.449 0.413 0.375 0.778 0.523 
 Hyperactivity 0.671 0.788 0.613 0.688 0.739 0.825 0.548 1 0.753 
 Emotional difficulties 0.09 0.118 0.343 0.193 0.276 0.106 0.256 0.813 0.308 
 Peer problems 0.581 0.63 0.969 0.665 0.494 0.989 0.052 0.05 0.014 
 Internalizing 0.14 0.177 0.472 0.464 0.68 0.218 0.058 0.224 0.04 
 Total SDQ 0.261 0.714 0.632 0.893 0.74 0.923 0.099 0.327 0.104 
 Pro-social 0.989 0.87 0.579 0.332 0.478 0.963 0.8 0.687 0.837 
 Social competence 0.381 0.241 0.439 0.367 0.524 0.372 0.153 0.734 0.244 
 Emotional competence 0.886 0.124 0.526 0.282 0.663 0.381 0.413 0.379 0.226 
Distress to 
limitations Conduct problems 0.641 0.75 0.672 0.502 0.279 0.64 0.72 0.504 0.572 
 Externalizing 0.898 0.684 0.604 0.386 0.654 0.93 0.571 0.816 0.744 
 Hyperactivity 0.861 0.709 0.571 0.48 0.896 0.852 0.517 0.896 0.696 
 Emotional difficulties 0.318 0.198 0.162 0.289 0.101 0.177 0.225 0.88 0.451 
 Peer problems 0.948 0.362 0.455 0.915 0.894 0.549 0.08 0.674 0.184 
 Internalizing 0.502 0.134 0.162 0.471 0.25 0.178 0.05 0.657 0.206 
 Total SDQ 0.688 0.361 0.697 0.394 0.334 0.38 0.087 0.434 0.138 
 Pro-social 0.226 0.495 0.282 0.201 0.132 0.099 0.651 0.583 0.536 
 Social competence 0.359 0.077 0.983 0.381 0.512 0.219 0.321 0.477 0.378 
 Emotional competence 0.122 0.038 0.972 0.126 0.2 0.128 0.357 0.922 0.566 
Falling reactivity Conduct problems 0.609 0.773 0.584 0.765 0.878 0.959 0.755 0.808 0.839 
 Externalizing 0.568 0.967 0.915 0.752 0.822 0.931 0.65 0.629 0.974 
 Hyperactivity 0.695 0.786 0.633 0.928 0.762 0.892 0.647 0.316 0.809 
 Emotional difficulties 0.208 0.057 0.211 0.013 0.009 0.02 0.205 0.387 0.277 
 Peer problems 0.323 0.485 0.108 0.453 0.785 0.816 0.233 0.825 0.537 
 Internalizing 0.668 0.091 0.069 0.047 0.103 0.064 0.146 0.715 0.326 
 Total SDQ 0.533 0.376 0.385 0.337 0.254 0.31 0.561 0.629 0.5 
 Pro-social 0.422 0.881 0.376 0.945 0.962 0.685 0.291 0.125 0.109 
 Social competence 0.777 0.063 0.456 0.154 0.347 0.288 0.89 0.825 0.999 
 Emotional competence 0.894 0.073 0.771 0.7 0.958 0.576 0.752 0.559 0.731 
Fear Conduct problems 0.96 0.851 0.677 0.305 0.624 0.628 0.385 0.355 0.262 
 Externalizing 0.416 0.569 0.639 0.995 0.949 0.79 0.859 0.151 0.343 
 Hyperactivity 0.13 0.299 0.176 0.304 0.442 0.315 0.582 0.125 0.591 
 Emotional difficulties 0.484 0.239 0.174 0.049 0.207 0.121 0.293 0.414 0.143 
 Peer problems 0.325 0.119 0.058 0.367 0.609 0.15 0.912 0.372 0.723 
 Internalizing 0.261 0.096 0.032 0.059 0.265 0.054 0.619 0.27 0.232 
 Total SDQ 0.2 0.198 0.112 0.318 0.408 0.233 0.639 0.126 0.173 
 Pro-social 0.842 0.85 0.115 0.851 0.837 0.658 0.29 0.377 0.331 
 Social competence 0.762 0.786 0.794 0.724 0.898 0.881 0.678 0.369 0.811 
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Table 5.6: continued 
  Parenting 
Temperament Behaviour Sensitivity Positive regard Stimulation Animation Detachment 
Sensitive 
parenting 
Negative 
regard Intrusiveness 
Negative-
intrusive 
Fear Emotional competence 0.847 0.978 0.934 0.251 0.393 0.746 0.503 0.434 0.456 
Negative affect Conduct problems 0.984 0.922 0.556 0.5 0.93 0.819 0.899 0.948 0.809 
 Externalizing 0.577 0.783 0.997 0.982 0.774 0.945 0.969 0.67 0.863 
 Hyperactivity 0.487 0.765 0.592 0.611 0.706 0.883 0.795 0.82 0.933 
 Emotional difficulties 0.093 0.033 0.051 0.009 0.006 0.007 0.597 0.774 0.928 
 Peer problems 0.855 0.231 0.092 0.61 0.867 0.339 0.172 0.671 0.655 
 Internalizing 0.247 0.031 0.015 0.037 0.069 0.022 0.293 0.646 0.725 
 Total SDQ 0.404 0.171 0.198 0.269 0.263 0.162 0.476 0.726 0.981 
 Pro-social 0.265 0.972 0.104 0.761 0.511 0.42 0.298 0.127 0.13 
 Social competence 0.809 0.776 0.779 0.35 0.668 0.879 0.854 0.396 0.575 
 Emotional competence 0.387 0.902 0.95 0.848 0.875 0.866 0.604 0.841 0.803 
Orienting Conduct problems 0.768 0.233 0.622 0.145 0.433 0.579 0.474 0.031 0.06 
 Externalizing 0.661 0.663 0.481 0.765 0.502 0.789 0.202 0.024 0.039 
 Hyperactivity 0.815 0.798 0.495 0.486 0.642 0.696 0.217 0.269 0.104 
 Emotional difficulties 0.596 0.697 0.44 0.872 0.815 0.662 0.549 0.421 0.511 
 Peer problems 0.601 0.533 0.568 0.369 0.958 0.48 0.278 0.658 0.322 
 Internalizing 0.566 0.515 0.441 0.562 0.882 0.467 0.31 0.525 0.296 
 Total SDQ 0.52 0.932 0.365 0.838 0.678 0.735 0.169 0.066 0.051 
 Pro-social 0.101 0.157 0.026 0.251 0.464 0.05 0.586 0.059 0.15 
 Social competence 0.954 0.801 0.19 0.648 0.479 0.566 0.311 0.836 0.376 
 Emotional competence 0.48 0.877 0.03 0.267 0.295 0.173 0.397 0.467 0.192 
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Table 5.7: 24 month parenting p-values for assessed interactions in the FLP sample. No 
interactions significant after adjusting for multiple comparisons. Light grey shading p<0.05, dark 
grey shading p<0.01. 
  Parenting 
Temperament Behaviour Sensitivity Positive regard Stimulation Animation Detachment 
Sensitive 
parenting 
Negative 
regard Intrusiveness 
Negative-
intrusive 
Approach Conduct problems 0.672 0.116 0.023 0.209 0.175 0.068 0.382 0.588 0.494 
 Externalizing 0.542 0.136 0.033 0.186 0.316 0.135 0.52 0.989 0.779 
 Hyperactivity 0.731 0.748 0.401 0.57 0.915 0.455 0.561 0.643 0.856 
 Emotional difficulties 0.888 0.782 0.443 0.405 0.876 0.896 0.947 0.631 0.683 
 Peer problems 0.204 0.029 0.855 0.171 0.22 0.086 0.521 0.129 0.291 
 Internalizing 0.524 0.211 0.675 0.738 0.354 0.351 0.847 0.677 0.631 
 Total SDQ 0.869 0.999 0.19 0.635 0.885 0.66 0.369 0.708 0.604 
 Pro-social 0.579 0.436 0.266 0.616 0.355 0.731 0.592 0.966 0.772 
 Social competence 0.111 0.761 0.084 0.114 0.092 0.156 0.532 0.274 0.225 
 Emotional competence 0.485 0.468 0.3 0.818 0.478 0.609 0.086 0.278 0.104 
Distress to 
limitations Conduct problems 0.219 0.858 0.715 0.686 0.748 0.9 0.08 0.129 0.143 
 Externalizing 0.114 0.961 0.794 0.844 0.552 0.956 0.236 0.162 0.277 
 Hyperactivity 0.201 0.825 0.536 0.782 0.446 0.761 0.645 0.45 0.637 
 Emotional difficulties 0.116 0.118 0.021 0.531 0.064 0.012 0.227 0.807 0.977 
 Peer problems 0.916 0.53 0.09 0.788 0.35 0.589 0.356 0.49 0.148 
 Internalizing 0.329 0.133 0.015 0.475 0.072 0.02 0.078 0.612 0.275 
 Total SDQ 0.733 0.375 0.179 0.72 0.548 0.29 0.081 0.271 0.187 
 Pro-social 0.213 0.018 0.105 0.1 0.039 0.07 0.84 0.86 0.809 
 Social competence 0.969 0.027 0.522 0.065 0.055 0.229 0.994 0.431 0.626 
 Emotional competence 0.589 0.232 0.284 0.099 0.233 0.134 0.751 0.782 0.595 
Falling reactivity Conduct problems 0.488 0.246 0.316 0.831 0.696 0.722 0.456 0.386 0.4 
 Externalizing 0.093 0.414 0.101 0.833 0.753 0.392 0.328 0.08 0.137 
 Hyperactivity 0.038 0.996 0.168 0.508 0.257 0.197 0.404 0.053 0.108 
 Emotional difficulties 0.741 0.59 0.671 0.215 0.263 0.688 0.462 0.822 0.711 
 Peer problems 0.964 0.059 0.47 0.453 0.286 0.404 0.169 0.769 0.179 
 Internalizing 0.931 0.14 0.948 0.759 0.188 0.409 0.111 0.573 0.299 
 Total SDQ 0.324 0.157 0.364 0.742 0.573 0.778 0.204 0.191 0.122 
 Pro-social 0.907 0.138 0.533 0.861 0.321 0.833 0.636 0.395 0.88 
 Social competence 0.036 0.774 0.143 0.046 0.264 0.046 0.43 0.18 0.132 
 Emotional competence 0.05 0.715 0.614 0.071 0.057 0.052 0.244 0.799 0.233 
Fear Conduct problems 0.524 0.514 0.733 0.972 0.806 0.578 0.685 0.994 0.691 
 Externalizing 0.618 0.365 0.723 0.875 0.938 0.941 0.802 0.866 0.649 
 Hyperactivity 0.742 0.347 0.321 0.698 0.655 0.684 0.625 0.974 0.643 
 Emotional difficulties 0.485 0.073 0.791 0.267 0.161 0.321 0.136 0.68 0.387 
 Peer problems 0.101 0.037 0.017 0.004 0.001 0.016 0.301 0.303 0.342 
 Internalizing 0.142 0.01 0.106 0.012 0.002 0.031 0.152 0.409 0.366 
 Total SDQ 0.726 0.037 0.251 0.152 0.146 0.216 0.28 0.601 0.663 
 Pro-social 0.354 0.142 0.283 0.404 0.333 0.284 0.258 0.551 0.188 
 Social competence 0.424 0.441 0.84 0.872 0.973 0.923 0.343 0.77 0.968 
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Table 5.7: continued 
  Parenting 
Temperament Behaviour Sensitivity Positive regard Stimulation Animation Detachment 
Sensitive 
parenting 
Negative 
regard Intrusiveness 
Negative-
intrusive 
Fear Emotional competence 0.902 0.871 0.658 0.817 0.849 0.763 0.33 0.539 0.349 
Negative affect Conduct problems 0.179 0.644 0.551 0.788 0.977 0.764 0.497 0.323 0.213 
 Externalizing 0.053 0.521 0.468 0.809 0.43 0.567 0.286 0.159 0.15 
 Hyperactivity 0.086 0.607 0.73 0.937 0.255 0.498 0.551 0.244 0.281 
 Emotional difficulties 0.232 0.073 0.427 0.784 0.06 0.103 0.998 0.755 0.787 
 Peer problems 0.529 0.03 0.039 0.048 0.012 0.108 0.477 0.937 0.301 
 Internalizing 0.197 0.015 0.048 0.166 0.002 0.038 0.523 0.952 0.643 
 Total SDQ 0.631 0.048 0.542 0.473 0.256 0.331 0.424 0.399 0.264 
 Pro-social 0.41 0.029 0.14 0.316 0.493 0.311 0.772 0.426 0.662 
 Social competence 0.193 0.166 0.86 0.925 0.744 0.558 0.928 0.314 0.36 
 Emotional competence 0.602 0.358 0.568 0.888 0.984 0.89 0.87 0.651 0.876 
Orienting Conduct problems 0.524 0.039 0.215 0.149 0.066 0.161 0.347 0.884 0.874 
 Externalizing 0.604 0.176 0.346 0.392 0.219 0.278 0.927 0.946 0.839 
 Hyperactivity 0.886 0.89 0.592 0.976 0.908 0.771 0.219 0.904 0.541 
 Emotional difficulties 0.673 0.405 0.54 0.357 0.518 0.725 0.713 0.975 0.799 
 Peer problems 0.331 0.184 0.351 0.35 0.412 0.162 0.194 0.645 0.334 
 Internalizing 0.387 0.957 0.863 0.749 0.932 0.801 0.311 0.882 0.585 
 Total SDQ 0.83 0.427 0.562 0.485 0.443 0.514 0.513 0.969 0.575 
 Pro-social 0.123 0.05 0.223 0.162 0.217 0.096 0.517 0.495 0.946 
 Social competence 0.483 0.342 0.601 0.235 0.291 0.325 0.489 0.604 0.86 
 Emotional competence 0.079 0.107 0.272 0.114 0.037 0.144 0.35 0.984 0.906 
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5.9.8 Exploration of theoretical models 
The two interactions found in the LSAC sample indicate one case of differential susceptibility and 
one case of two-way contrastive effects. Differential susceptibility implies the effects of parenting 
are stronger for reactive children and weaker or absent for non-reactive children. In the current data, 
the specific interaction was that hostile parenting interacted with irritability to predict emotional 
difficulties consistent with differential susceptibility (Figure 5.2). Two-way contrastive effects 
implies that the direction of effect is different for reactive and non-reactive children. In the current 
analysis, internalizing behaviour outcomes evidenced two-way contrastive effects. Children with 
high temperamental irritability showed greater internalising response to hostile parenting while low 
irritability children actually showed less internalising behaviours under conditions of hostile 
parenting (Figure 5.3). Additionally, highly irritable children had fewer internalising behaviours 
with low hostile parenting, while low irritability children had more internalising behaviours when 
hostile parenting was low. Evidence confirming differential susceptibility and two-way contrastive 
effects is presented in Table 5.8. Note that some ROS lower bounds are below 0. However, 
imputation can make numbers outside the scale range and maintain viable regression inference (von 
Hippel 2009). Additionally, the two-way contrastive effects lower ROS bound is within 2.06SD 
(not 2SD) and has a PA below the crossover of 0.15, not 0.16. These are interpreted as close enough 
to evidential cut points.  
 
Figure 5.2: Conditional interaction plot with regions of significance (grey polygons) where hostile 
parenting effects on emotional difficulties significantly differ due to temperament (red +1.5 SD, 
green = average, and blue -1.5 SD). Model is consistent with differential susceptibility. Solid line is 
a regression of the dashed lines obtained from each imputed data set, thus the cross-over point is not 
identical to Table 5.8 that contains correctly combined regression coefficients. 
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Figure 5.3: Conditional interaction plot with regions of significance (grey polygons) where hostile 
parenting effects on internalizing behaviour significantly differ due to temperament (red +1.5 SD, 
green = average, and blue -1.5 SD). Model is consistent with two-way contrastive effects. Solid line 
is a regression of the dashed lines obtained from each imputed data set, thus the cross-over point is 
not identical to Table 5.8 that contains correctly combined regression coefficients.
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Table 5.8: Criteria to evaluate theoretical models. Columns 2–5 indicate regression coefficients for the intercept, parenting environment, temperament 
and interaction, respectively, p-value refers to interaction p-value. All interactions are significant after adjusting for multiple comparisons. CO = crossover 
point, PA = proportion affected. Outcome codes; EmotD = emotional difficulties, Internal = internalizing, Hostile P = hostile parenting. Temperament 
codes; Diff = difficult, React = reactivity, Intro = introversion. Model codes; CE2 = two-way contrastive effects, DS = differential susceptibility. * = p<0.05, 
** <0.01, ***<0.001. < and > indicate significance occurred outside observed values. Nearly all ROS bounds within 2SD of mean, # indicates exception 
which was within 2.06SD, see results text. Mean and SD used for ROS lower and upper approximate (as model specific data was used) those for imputed 
data in Appendix B, Table B.1. 
      ROS temperament on parent ROS parent on temperament  
Outcome Intercept Hostile P Irritability Inter p-value Lower Upper CO PA > Lower Upper CO PA > Model 
EmotD 1.76 -0.003 -0.005 0.000416 0.000415 -4.29 20.96 13.03 0.77 < 19.88 7.20 0.92 DS 
Internal 6.34 -0.012 -0.014 0.00085 0.00003 7.19 22.71 16.83 0.63 -3.32# 22.68 14.57 0.85 CE2 
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5.10 Discussion 
The aim of this chapter was to extend chapter 4 and systematically explore how different measures 
may influence the empirical support for individual × environment theoretical models. Specifically, 
measures of parenting, temperament, and behaviour were systematically varied to assess the 
number, type and reliability of temperament × parenting interactions explaining behaviour. Two 
large data sets, the Family Life Project (United States of America) and Longitudinal Study of 
Australian Children, were analysed to assess four key questions centred on measurement: 
1) Do more symmetric distributions of parenting and behaviour measures identify more 
interactions than skewed distributions? 
2) Does a longer (more items) measurement of parent reported temperament identify more 
interactions than a shorter one? 
3) Are measures derived from observations of parenting behaviour more revealing of 
interaction effects compared to self-reported parenting measures? 
4) Are more interactions identified when temperament is measured at a younger age compared 
to when temperament is assessed at a later age? 
Results showed that measurement variation did not increase empirical support for any of the 
individual × environment models. Only two interactions were observed as statistically reliable thus 
no viable evidence supporting or rejecting any of these research questions was found. Though 
systematic changes in measurement had a viable rationale for testing, they did not yield a coherent 
evidence profile. The discussion proceeds by discussing each research question, describing the 
observed interactions, and concluding with strengths and limitations and future directions.  
5.10.1 Research question 1 – Do more symmetric distributions of parenting and behaviour 
identify more interactions? 
Although parenting and the social and emotional competence scales in the FLP had more coverage 
and less skew compared to parenting and behavioural measures applied in LSAC, no more 
statistically reliable interactions were observed in the FLP sample. The finding did not support the 
hypothesised increased number of reliable interactions deriving from improved coverage. This is 
unexpected, as Ellis et al. (2011) & Roisman et al. (2012) noted that sufficiently high and low 
parenting and child behavioural outcomes may be requisite for identifying theoretical models of 
individual variation to the environment. Moreover, bivariate relationships between parenting and 
behaviour were observed suggesting the variance in parenting could be meaningful for behavioural 
development (Table 5.2 and 5.3). These findings may indicate the temperament scales measured do 
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not index a sensitivity to parenting that influences behavioural development. On the other hand, 
high measurement error in parenting, behaviour, and temperament may have prevented detection of 
interactions (Wong et al. 2004). The very low relative efficiency of the samples (Table 5.2 and 5.3) 
compared to an optimal design to detect interaction effects (e.g., max 0.081, equivalent to an 
optimal sample of 80 children) suggests that there was a very low likelihood of detecting 
interactions in the sample (McClelland & Judd 1993). Thus, sampling more children from 
distributional limits of the parenting and temperament dimensions might better rule out, or show, 
the moderating effects of temperament.  
5.10.2 Research question 2 – Do longer (more items) measures of temperament identify more 
interactions? 
Although the IBQ-R employed in the FLP dataset had considerably more items and subscales 
assessing temperament than the STSI, no statistically reliable interactions were observed in the FLP 
sample. This indicates increasing the number of temperament items and subscales does not 
necessarily identify temperamental variation more indicative of sensitivity to parenting experiences. 
It may be more important, therefore, to focus on selecting the ‘right’ temperament items that 
indicate developmentally meaningful sensitivity to parenting (Moore & Depue 2016). A-priori item 
identification is difficult, however, as sensitivity is most easily inferred retrospectively once 
differential responses to parenting are observed. Nonetheless, researchers have moved towards 
novel coding of temperament and emotional reactivity (Slagt et al. 2019) to identify sensitivity in 
children that may better identify the proposed variation driving differential responses to parenting 
(Greven et al. 2019). That is, the focus is to identify salient aspects of temperament that capture 
individual variation in response to parenting.  
5.10.3 Research question 3 – Does measures derived from observations of parenting identify 
more interactions than parent reported parenting? 
Although observations of parenting in the FLP sample had more variation than self-reported 
parenting in LSAC, there were no statistically reliable interactions identified when using 
observations of parenting and only a trivial amount identified with parent reported parenting. The 
merits and disadvantages of parent report and observed parenting have been noted (e.g., Gardner 
2000; Bornstein et al. 2015b), yet the method of parenting assessment did not influence the results 
of this study. Other authors examining temperament × parenting interactions have found observed 
parenting improved identification of interactions (Slagt et al. 2016a), whilst others found little 
difference in identification of interactions (Slagt et al. 2016b). In and of itself, therefore, changes in 
the way in which parenting is measured do not always lead to identifying more or fewer 
interactions. However, the results in this study are limited as parenting was not measured by 
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observation and parent report in the same study. Nonetheless, it is likely much more important to 
have a parenting measure that is valid and reliable for testing the interaction over a measure of 
parenting collected by particular format (e.g., observation vs. survey). When either method provides 
more validity and reliability it is to be preferred.  
5.10.4 Research question 4 – are more interactions identified when temperament is measured 
at a younger age compared to when temperament is assessed at a later age 
Compared to the analysis of LSAC presented in Chapter 4 which assessed temperament at 4-5 
years, this study used a measure of infant temperament and did not find a meaningfully larger 
number of statistically reliable interactions. Assessing temperament earlier may have a closer link 
to genetically based sensitivity given the reduced time for environmental drivers to have an effect 
(Goldstein et al. 1987). Though, a change from earlier temperament may also be problematic if 
sensitivity changes and the younger measurement becomes redundant (Roberts & DelVecchio 2000; 
Shiner et al. 2012). As so few interactions were observed in this chapter, it suggests infant 
temperament was unable to identify consistent and systematic differential responses to parenting in 
the LSAC sample. 
5.10.5 Notes on observed interactions 
Although no evidence for the research questions was found, two (of 1684) interactions were 
statistically robust after adjustment. One was consistent with differential susceptibility. Children 
with high irritability, compared to children with low irritability, had more peer problems when 
experiencing more hostile parenting and fewer peer problems when exposed to lower hostile 
parenting. This is theoretically grounded, as hostile parenting may have a stronger effect on irritable 
children (Belsky & Pluess 2009; Kiff et al. 2011). Specifically, hostile parenting could model low 
emotion regulation and encourage hostile responding to peers (Barker et al. 2008; Dodge et al. 
1995; Patterson 2002). Conversely, low parenting hostility may teach children how to regulate 
behaviour in challenging social interactions (Yamagata et al. 2013). If irritability indexed 
sensitivity, these children may be more receptive to parenting hostility and consequently develop 
social skills that alleviate or exacerbate inter-peer problems (Bradley & Corwyn 2008; Kim & 
Kochanska 2012). 
The other interaction was consistent with two-way contrastive effects. Specifically, children with 
high irritability were found to react to hostile parenting by exhibiting more peer problems, but 
fewer peer problems in the absence of hostile parenting. In contrast, those with low irritability had 
more peer problems when hostile parenting was lower and less peer problems, compared to high 
irritability children, when exposed to hostile parenting. Thus, the effects of parenting are contrastive 
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and reverse dependent on child irritability. There is little theoretical rationale for why two-way 
contrastive effects would occur, as noted by other studies reporting two-way contrastive effects 
(Leerkes et al. 2009; Slagt et al. 2018; Stocker et al. 2017). Nonetheless, it may be that 
neurologically different children recognise and respond to different levels of parenting hostility. 
Specifically, if less/more irritable children respond positively/negatively to parental hostility, in 
terms of behavioural regulation, parenting hostility or low hostility may indicate a tailored 
parenting strategy to assist children with behavioural regulation (Chess & Thomas 1991). The 
converse parenting strategy for less/more irritable children thus indicates non-tailored, less effective 
parenting. 
A final explanation for these interactions, though they may have an empirical reality beyond 
chance, is that they are the result of chance and spurious correlation (Steegen et al. 2016). Indeed, it 
seems unlikely that they warrant serious consideration given they were not present across different 
parenting measures, behavioural measures, or similar measures of temperament. Thus, until 
research finds strong and systematic evidence otherwise, we might conclude these findings are 
sporadic.  
Thus, there are two possible conclusions to be drawn from the interactions observed in this study. 
The first is that interactions between temperament and parenting have limited effect on behavioural 
development, such that models of individual differences in response to parenting are empirically 
invalid in this context. The second conclusion is that individual differences do matter in terms of the 
effects of parenting on behavioural development, but the measures and study design were 
inadequate to detect them. Given the extensive theoretical and empirical demonstration that children 
have individual neurological differences that influence their sensitivity and susceptibility to 
experience (Boyce 2016), it seems more likely to accept the second conclusion and more rigorously 
evaluate the hypotheses in future research. Some suggestions for these improvements are detailed 
below.  
5.11 Strengths and limitations  
This research was strengthened by a systematic and thorough exploration of analytical decisions, 
robust imputation methods to handle missing data, the use of two data sources, and longitudinal 
separation of measurement that may have reduced confounding. However, a major limitation is that 
analyses were dependent on available data and limited to exploration of measurement variation 
within each data source. For example, observed and parent reported parenting were not 
simultaneously collected for comparison. Likewise, longer and shorter versions of temperament 
were not simultaneously collected and comparatively evaluated. In addition, although using the 
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latest techniques, missing data imputation may have introduced bias if the data was not missing at 
random and too few covariates were included to accurately estimate missing values (Bartlett et al. 
2015; Enders et al. 2018). A future sensitivity analysis could quantify this potential bias. Moreover, 
as only general release data was available for the Family Life Project analysis, some demographic 
information could not be included. Finally, the biggest limitation was that the non-causal design 
increases the risk of incorrect inference and selection bias, and inhibits concluding any observed 
associations or non-associations as empirical (Gelman & Hill 2006; Mitchell et al. 2013). 
Additional research would therefore be needed to conclusively evaluate the research questions. 
5.12 Conclusion and future directions 
This chapter assessed 1684 interactions and found no empirically robust evidence for temperament 
moderating the effects of parenting on behavioural development. Systematically varying the 
measure of temperament, parenting, and behaviour did not reveal consistent evidence, and neither 
did more symmetric distributions of parenting and behaviour, the use of observed parenting 
compared to parent reported parenting, or the use of temperament measured at younger ages. Future 
research to validate the systematic approach to measurement effects in temperament × parenting 
interactions could be improved by collecting or examining multi-method measures of temperament, 
behaviour, and parenting in the same study combined with simulation studies to evaluate effects of 
methodological decisions (Morris et al. 2019). Additionally, longitudinal, within-person and 
experimental design to accommodate more causal analysis would strengthen the ability to infer if 
and how temperament moderates the effect of parenting, whilst reducing the risk of selection bias 
and sporadic associations. These improvements and others are discussed in Chapter 6, where 
extensive consideration is given to ways forward when testing individual × environment 
interactions. 
  
130 
 
Chapter 6: Future directions and recommendations for research 
The empirical results of this thesis (Chapters 3, 4, and 5) show that the evidence for individual × 
environment interactions, where individual child characteristics moderate the effects of parenting on 
child behavioural development, is inconsistent and sporadic and, therefore, of tenuous quality. In 
this chapter, future directions and recommendations for improving the quality and consistency of 
evidence in testing individual × environment models are explained and examined in terms of three 
key phases of quantitative research: design, analysis, and results. 
There are seven approaches, identified here, that future research might adapt to improve the 
consistency and quality of evidence for individual × environment interactions. These approaches 
include changes and choices regarding design, analysis, and interpretation of results. It is important 
to note these approaches are interdependent, yet implementing all seven can also be impractical. For 
example, a causal design with poor measurement may be of limited value, and an optimum design 
for a specific analytical model can preclude systematically exploring many analytical models 
optimally. Thus, each approach improves an aspect of the research process, but may not be 
applicable to all studies. A flow chart of the changes and choices is presented in Figure 6.1. Each of 
these approaches is discussed in detail.  
 
Figure 6.1: Future directions and recommendations for research. 
Design
• Use (more) optimum designs to evaluate interactions
• Use measurements that better evaluate research hypotheses (e.g., item 
response theory models to explore variable range)
• Use (more) causal analytical designs
• Run simulation studies to understand implications of design
Analysis
• Follow guidelines for evaluating interactions (Roisman et al. 2012; 
McCabe et al. 2018)
• Systematically explore analytical choices (sensitvity analysis)
Results
• Critically interpret results from studies with non-optimum designs
• Avoid overstating spurious findings
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6.1 Design 
6.1.1 Optimum design 
Using optimum design is one way in which research into individual × environment interactions may 
identify more valid evidence. Optimum (also known as optimal) design, in this context, refers to 
sampling to obtain the maximum power to test an effect (McClelland 1997). It developed out of 
work on designed experiments where researchers wanted to improve the precision of estimated 
effects and use fewer experimental resources (Atkinson et al. 2007). Thus, as optimum must always 
occur in context, the aim of optimum design is efficient and unbiased estimation of an effect. Once 
the effect of interest is specified, along with all other study constraints and statistical modelling 
choices, the optimum design can be calculated either analytically for simple designs or using 
computer based algorithms for more complex designs (Berger & Wong 2009). Therefore, the 
optimum sample in context of this thesis refers to the values of the individual and environment that 
best evaluate an interaction effect. 
The use of optimum design, though applicable to any form of quantitative research, is uncommon in 
the individual × parenting literature. For example, none of the papers reviewed in this thesis 
identified how close their sample was to the optimum for testing of a moderating effect. Calls for 
using optimum design in developmental psychology are not new (e.g., McClelland & Judd 1993), 
but they appear to have been overlooked. Limited uptake might be best explained by optimum 
design being less easy to implement when studying the development of children in complex social 
environments compared with studies conducted in the physical sciences. In the physical sciences 
experimental designs are typical and data sampling less complex (more ‘pure’ or ‘hard’), labour 
intensive, and costly (Atkinson et al. 2007). In contrast, methods in developmental science are 
commonly observational, labour intensive, and subject to less ‘pure’ measurement. Thus, attendant 
data collection costs are likely high (Bornstein et al. 2013; Duncan et al. 2014). For example, it is 
relatively easy to create a 3×3 design of pH and salinity in aquarium water (Torquemada et al. 
2005). In comparison finding, sampling, and then manipulating, nine different combinations of 
hostile parenting and child difficult temperament is complex and likely subject to multiple levels of 
compromise and bias in measurement decisions. Nonetheless, by using and evaluating optimum 
design, researchers can evaluate interaction hypotheses with more power and be aware of possible 
deficiencies in the sample of the individual and environment. That is, optimum design shows the 
bivariate distribution best able to test for an interaction effect and allows a comparison of the 
observed sample to the specified ideal. Sampling with optimum design provides additional power to 
increase the detection rate of meaningful interaction effects. Comparison to the optimum increases 
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the certainty that an unobserved interaction is trivial. Optimum design highlights that the sample 
size, magnitude of effect, and the distribution of variables dictate the power to detect interactions. 
As an example of optimum design, consider a sample of 1000 with uncorrelated measurements (for 
simplicity) of parenting and temperament (range 1 to 5, intervals of 1). In the optimum sampling 
framework, to detect a linear temperament × parenting interaction a researcher would strive to split 
the sample of 1000 into four cells (n=250, ¼) at each end of the bivariate distribution (1,1 = 250; 
1,5 = 250; 5,5 = 250; 5,1 = 250). This sample maximises the residual variance of parenting × 
temperament which minimises the variance of the interaction parameter. Thus, the sample has the 
most power to detect a linear × linear interaction (the standard interaction in developmental 
psychology) and is the optimal design (McClelland 1997; McClelland & Judd 1993). On the other 
hand, if parenting and temperament are bivariate-normally distributed and a random sample is 
chosen the efficiency declines to 0.06 of the optimum (McClelland & Judd 1993). That is, 16.7 
times more observations (n=16700) would be required to get the same amount of power to detect 
the interaction. Additionally, although the ¼ split at extremes design can detect linear effects and 
interactions, such a design is not optimal to evaluate quadratic effects and interactions (McClelland 
1997). Testing for quadratic effects is part of the criteria for evaluating individual × environment 
models (Roisman et al. 2012). Box 6.1 expands on the requirements for optimum design for 
quadratic effects and interactions. This shows that additional design considerations are necessary if 
quadratic effects and interactions are expected and, therefore, describes the challenges of detecting 
moderation effects. 
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To further illustrate the idea of optimum design, four different bivariate distributions and 
efficiencies for detecting interactions are presented in Box 6.2. These show how sampling design 
substantially impacts the ability to test hypothesized linear × linear interaction effects.  
 
Box 6.1: Optimum design for quadratic effects and interactions (McClelland 1997).
Although a ¼ split at the bivariate extremes is optimum for standard linear × linear
interactions, quadratic effects and interactions have different requirements.
To test for quadratic effects, researchers also have to sample individuals from the 
middle of the distributions. For example, the optimum design to detect a single 
quadratic effect is ¼, 0, ½, 0, ¼. 
Optimum design becomes more complex when quadratic interactions are involved. 
Specifically, changes to the sampling proportions trade-off the efficiencies to detect 
linear effects, interactions, quadratic effects, and quadratic interactions. For example, an 
equal nine point design (1,1; 1,3; 1,5; 3,1; 3,3; 3,5; 5,1; 5,3; 5,5) can detect linear ×
quadratic and quadratic × quadratic interactions, but the relative efficiency for 
detecting the linear × linear interaction (e.g., the prototypical differential susceptibility) 
is only 0.44. 
An alternative is a 1,1; 1,5; 3,3; 5,1; 5,5 design that tests both linear and quadratic 
effects and linear × linear interaction with equal efficiency of 0.75. A comparison of the 
predicted and observed mean at the middle (3,3) can then indicate if a higher quadratic 
trend may be present. Follow up studies could then re-sample to evaluate the higher 
order interaction effect. 
This example shows that evaluating quadratic effects and interactions requires 
additional considerations and adds complexity to design choices.
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In summary, a practical improvement to detect more interactions is to use optimum design and 
actively sample from areas of the distributions that increase statistical power. Likewise, in the case 
of studies that have not specifically employed optimal design strategies at inception, results should 
be evaluated against optimal design criteria as there is a likelihood of false positives (type I error) 
and false negatives (type II error). The historical lack of consistent evidence for individual × 
environment interactions is not surprising given that the majority of studies did not have optimum 
design. 
Box 6.2: Sampling efficiency to detect linear × linear interactions using different designs 
(A, B, C, and D; McClelland 1997, McClelland & Judd 1993). 
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6.1.2 Improved measurement  
One straightforward recommendation to improve the detection of interaction effects is to reduce 
measurement error. For example, consider environment and moderator measures with acceptable 
internal reliability (α=0.8). If the interaction between the variables was to be explored, the internal 
reliability drops to 0.64, the product of the reliabilities (Aiken et al. 1991). Although Cronbach α 
does not necessarily mean a measure is reliable (Dunn et al. 2014; DeVellis 2016), this example 
illustrates that interaction effects multiply inconsistencies in measurement. Thus, assuring 
measurements have low error can improve the power to detect interaction effects (Whisman & 
McClelland 2005). 
Another often repeated recommendation to test individual × environment theories is to have 
measurements of the individual, environment, and outcome that represent the positive and negative 
limits of the distribution (Belsky & Pluess 2009; Rabinowitz & Drabick 2017; Roisman et al. 
2012). This recommendation exists because some theoretical models cannot be adequately tested if 
a measure of the individual, environment, or outcome has ceiling or floor effects. For example, 
differential susceptibility theory assumes that the outcome can be more positive in a high quality 
environment. If the outcome measure has a ceiling effect and therefore does not capture higher 
performance the theory cannot be evaluated. The challenge to evaluating and implementing this 
recommendation is that common psychometric techniques do not demonstrate whether a multi-item 
measure can adequately distinguish low and high performance (van der Linden 2018) or capture the 
range of performance. More specifically, the approach documented in the review of papers, 
presented in Chapter 3, was to calculate internal reliability using inter-item correlation (e.g., 
Cronbach’s (1951) alpha) and/or perform an exploratory and confirmatory factor analysis. Though 
these analyses are an index of internal-reliability, they do not illustrate the ability of a scale to 
distinguish low and high performance. 
Item response theory models can demonstrate how well items on a scale distinguish low and high 
levels of performance (van der Linden 2018). Specifically, item response theory models incorporate 
parameters for each item and the characteristics of people scoring the item (Baker & Kim 2017). 
Because of this, each item can be allocated a ‘difficulty’ and the ability of the item to distinguish 
different scores on the scale can be calculated (Gordon 2015). That is, the ability of an item to 
distinguish low and high performance can be evaluated. This contrasts to classical test theory which 
assumes items replicate each other and can be summed or averaged to reduce error (van Alphen et 
al. 1994). As with any statistical method, there are assumptions of item response theory models that 
can be problematic. For example, item response theory assumes unidimensionality in which one 
dimension is being measured per item. Such an assumption may be unrealistic in the measurement 
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of temperament (e.g., Gartsein & Rothbart 2003). Item response theory also generally assumes local 
independence in which the answer on one item is independent of answer on another item, even 
though they may represent a latent trait (Edwards et al. 2018). If these assumptions can be 
reasonably met or adjusted for, item response theory can be used to understand if a scale measures 
low and high performance (Gordon 2015). 
In summary, a recommendation for future research, therefore, is to use item response theory models 
to better understand the ability of their multi-item measures to distinguish low and high 
performance. For example, Box 6.3 illustrates an item response theory model evaluating an 
outcome measure used in tests of individual × environment theories. Using item response theory 
models can thus help researchers establish if their measurements are likely to adequately measure 
low and high performance.  
There is, however, some complexity in that measure validation requires a normative sample, whilst 
optimum design seeks to sample from pre-specified ranges (Blinkhorn 1997). Researchers will be 
challenged to determine the available range of a measure and sample from parts of that measure at 
the same time. Pilot studies may therefore be necessary to first validate measures. Also, utilising 
existing data to find measures that have desirable ranges may help select variables to include in an 
upcoming study. 
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Box 6.3: Example of an item response theory model: Strengths and Difficulties 
Questionnaire 
Item response theory models can be used to estimate item and person parameters of a 
scale which demonstrate how well items distinguish people with different scores on the 
overall scale.  
In this example of item response theory, the Strengths and Difficulties Questionnaire, the 
behaviour outcome measure used in Chapter 4 and 5, is evaluated using a partial credit 
model estimated via conditional marginal likelihood with the eRm package (version 1.0-
0; Mair et al. 2019; Mair & Hatzinger 2007) in R (R Core Team 2018). The partial credit 
model is used as an example because it is the simplest (least complex) method when the 
rating scale is polytomous (ordered categories). See van der Linden (2018) for additional 
modelling options and considerations outside the scope of this example. 
Specifically, Figure 6.2 shows a person-item map of conduct problems reported in the 
Longitudinal Study of Australian Children (see Chapter 5 for sample selection). The 
upper panel shows the person parameter distribution, a score for each child on the scale. 
It has an observed mean of -1.24 and standard deviation of 1.24. The lower panel shows 
the item thresholds and overall item location (or difficulty) on the standardised item logit 
scale. This demonstrates the person mean is a full logit below the scale mean (0). The 
thresholds indicate when the probability of endorsing an item with a particular score (e.g., 
0=not true, 1=somewhat true, or 2=certainly true) changes as a function of the overall 
score. For example, up until -1.86 on the overall scale parents were more likely to rate 
their child a 0 for the item often has temper tantrums or hot tempers, they were then more 
likely to rate the child a 1 up until overall scores of 0.95 where they were more likely to 
rate their child a 2 for that item. If there are no item thresholds that cross an overall score, 
it indicates the measure is unable to distinguish differences in performance at that score 
e.g., the end-left and end-right bars in the histogram. Additionally, scores of 0 and 10, the 
minimum and maximum, are excluded as they do not contribute any information to the 
ability of items to discriminate between scores.  
As can be seen in Figure 6.2, many children score below the mean (1515, 42.1%) and 
there are no items with thresholds that distinguish the large number of children in the 
lowest histogram category (799, 22.2%). Further to this, 729 (20.2%) children scored a 
complete 0 and 7 (>1%) scored a complete 10. The items cannot discriminate between 
these cases and they are not included in the histogram. Instead, most items distinguish 
children with higher conduct problems (7 of 10 thresholds 1SD higher than the person 
mean). These issues are not a fault of the measure as it was designed to screen for clinical 
behaviour disorders and not to measure exceptional conduct (Goodman 1997). However, 
it does indicate the measure is inadequate for determining low levels of conduct 
problems. 
This example thus illustrates that the conduct problem measure might be problematic to 
test differential susceptibility models where low and high scores are expected. A better 
measure for testing differential susceptibility using behaviour would be able to 
distinguish both low and high scores (e.g., Davidson et al. 2018). 
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6.1.3 Use (more) causal designs 
The use of longitudinal, quasi-experimental, and randomised experimental designs instead of cross-
sectional designs, though not a solution to measurement and sample issues, is another way to 
enhance the quality of research on individual × environment interactions (Campbell & Stanley 
2015; Mitchell et al. 2013). By being able to control exposure to an intervention or evaluate 
exposure to the environment at a within-person level researchers can evaluate how the same 
children, with different sensitivities, respond to changes in the environment across time (Moore & 
Depue 2016). This approach can reduce endogeneity (correlation between the covariates and error 
Box 6.3: Example of an item response theory model continued 
Figure 6.2: Partial credit model item-probability map for the conduct problems subscale 
of the Strengths and Difficulties Questionnaire collected for 3062 children from the 
Longitudinal Study of Australian Children (wave 3, birth cohort). Open circles are 
thresholds, solid circles are the item locations, dashed line is the person parameter average 
(-1.24), and histogram tick marks indicate thresholds. Note children with a raw score of 0 
(-3.82, n=729) and 10 (4.6, n=7) are not included as their scores cannot provide item 
discrimination information. 
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in the model), confounding, and sampling bias, improve internal validity, and provide stronger 
causal evidence (Angrist & Pischke 2008; Bailey et al. 2018; Barker & Milivojevich 2016; Card & 
Little 2007; Dunning 2008; Gelman & Hill 2006; Rubin 1974; Rubin 2008). The drawback of 
longitudinal, quasi-experimental, and randomised experimental approaches is the logistical 
feasibility of implementing, validating, and collecting data. Furthermore, there is no guarantee of 
elucidating causal effects and the study may lack external validity if the sample does not generalise 
to the population of interest. However, the inferential ability is substantially greater than the use of 
cross-sectional data (Evans 2003; Hoppe et al. 2009; Merlin et al. 2009). Therefore, when possible, 
using experimental and longitudinal designs can increase the quality of evidence for individual × 
environment interactions.  
6.1.4 Run simulation studies to understand design implications 
Another improvement for identifying individual × environment moderating effects would be to 
undertake simulation studies to illustrate how choices in research design and analysis can influence 
the results before collecting data or after pilot studies (Morris et al. 2019; Wu et al. 2015). For 
example, this thesis qualitatively compared the ability to detect interactions using observations of 
parenting and surveys of parenting. An alternative to this qualitative comparison would be to 
simulate data where measurement error is reduced or increased by measurement modality and 
quantify the relative ability to estimate the interaction effect (Jaccard & Wan 1995). Likewise, this 
thesis qualitatively evaluated if temperament assessed earlier detected more interactions than 
temperament assessed later. A simulation study could prescribe different rates of change in 
temperament to determine at what age an interaction effect would be become impractical to detect 
(Rast & Hofer 2014). Simulations such as these can be used to understand how changes to research 
design can influence the ability to detect interactions. If this understanding is illuminated before full 
data collection researchers can make adjustments to improve power (Moskowitz et al. 2017; 
Timmons & Preacher 2015). Whilst simulations do not provide the whole picture, they can illustrate 
features of the statistical landscape that may be particularly important (Morris et al. 2019; e.g., the 
bivariate distribution of the moderator and environment variables, Shieh 2009). Thus, using 
simulation studies to guide research design is another way to improve the ability to detect individual 
× environment interactions.  
6.2 Analysis 
6.2.1 Use pre-existing guidelines for exploring interactions 
Researchers should justify the robustness of their results in light of the recommendations of well-
developed guidelines to assess interaction effects. Chapter 2 provides an overview and explanation 
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of these criteria in detail, but they are summarised in Table 6.1. For example, regions of 
significance testing illustrate the values at which significant moderation effects occur, whilst the 
location of cross-over points and proportion of values above and below these points indicate the 
amount of evidence for different theoretical propositions. There are slight variations on these 
criteria that can be used to evaluate interactions (Belsky et al. 2013; Del Giudice 2017; McCabe et 
al. 2018; Widaman et al. 2012) and the value of different criteria remain subject to debate. For 
example, some literature considers within-person effects more robust than between-person effects 
(Gelman & Hill 2006). Nonetheless, analytic guidelines provide substantive tests of interactions and 
inform interpretation of results. 
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Table 6.1: Criteria of Roisman et al. 2012 to explore an interaction.  
Criteria General explanation 
Regions of 
significance (Dearing 
& Hamilton 2006) 
Regions of significance on the environment test shows that the outcome 
(e.g., child behaviour) and moderator (e.g., temperament) are correlated at 
high and low ends of the distribution of the environment (e.g., parenting). 
Tests for contrastive effects also examine regions of significance on the 
moderator. It is recommended that a significant correlation should be 
observed within a range ±2 SD from the mean of the 
environment/moderator.  
Proportion of 
interaction and 
proportion affected 
When predicted values crossover (e.g., prediction for low temperament 
group vs high temperament group given parenting) two metrics can be 
calculated to indicate how well the sample and interaction support 
different theoretical models. First, the proportion of interaction indicates 
the relative amount of space (±2 SD from the mean) above and below the 
cross-over point. Values of 0.5, for example, are indicative of differential 
susceptibility, whilst values close to 0.0 or 1.0 suggest diathesis stress or 
vantage sensitivity. Second, the proportion affected calculates how much 
of the sample is above and below the crossover point. A greater 
proportion on each side of the cross-over is suggestive of differential 
susceptibility. 
Adjust for false 
positives (Benjamini 
& Hochberg 1995) 
Because multiple interactions may be tested (e.g., using slightly different 
measures or different ages) a method to adjust p-value cut-offs should be 
used to reduce false-positives (Type I error). These adjustments make it 
less likely that chance interactions are detected. 
Evaluate average 
effect over time 
When possible, instead of only examining interactions separately at each 
age, between person effects (average across time) should be estimated 
using multilevel models. 
Quadratic environment 
and quadratic 
environment 
×moderator 
Interaction estimate may mask quadratic effects and quadratic 
interactions. Quadratic effects and interactions should thus be tested to 
rule out alternative explanations.  
 
6.2.2 Systematic exploration of analytical choices (sensitivity analysis) 
The multiverse analytical plan (Steegen et al. 2016) utilised in this thesis was valuable to illustrate 
how different analytical choices could change the observed interactions. A multiverse analysis, 
which is a form of statistical sensitivity analysis (French 2003), proceeds by examining how all (or 
most) of the different analytical choices a researcher could make may affect the results. For 
example, instead of only using a composite of two parenting and behaviour subscales to test a 
temperament × parenting interaction, the composite and subscales would be assessed and reported 
on. A comparison of the standard and multiverse design is contrasted in Figure 6.3. This 
hypothetical example shows a standard design would indicate an interaction between negative 
affect and warm-responsive parenting predicting total internalizing and externalizing behaviour. In 
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contrast, the multiverse design shows the aforementioned interaction and also that the parenting 
warmth component was a non-significant predictor in the moderation model. Additionally, it shows 
that internalizing behaviour on its own was not predicted by any interactions between parenting and 
negative affect. Thus, the multiverse can highlight how seemingly innocent or justified choices 
(e.g., using one behaviour or parenting measure over another) affect (or do not affect) the number 
and consistency of interactions detected. 
 
Figure 6.3: Comparison of standard composite design and multiverse design to evaluate 
moderation model. In green cells with a ✔ there is an interaction between the moderator and 
environment predicting behaviour, whilst in blue cells with a ✖ there is no interaction. 
In summary, researchers should be aware of the multiple analytical choices they had available and 
systematically model how sensitive their results are (Simmons et al. 2011). This statistical 
sensitivity testing will help identify consistent evidence and outline the boundaries of evidence for 
interactions. 
6.3 Interpretation of results 
6.3.1 Critical assessment to improve the quality of evidence 
A possible future research improvement would be to increase the burden-of-proof for researchers 
claiming interaction effects. Specifically, as individual × environment interactions are a 
 
 
 
 
 
 
Standard composite design 
 Negative affect 
 Total behaviour 
Warm-responsive  B3 = M1*E3 ✔ 
      
Multiverse design 
 Negative affect Negative affect Negative affect 
 Internalizing Externalizing Total 
Warmth B1 = M1*E1 ✖ B2 = M1*E1 ✖ B3 = M1*E1 ✖ 
Responsive B1 = M1*E2 ✖ B2 = M1*E2 ✔ B3 = M1*E2 ✔ 
Warm-responsive B1 = M1*E3 ✖ B2 = M1*E3 ✔ B3 = M1*E3 ✔ 
 
Moderator 
Negative affect (M1) 
Environment 
Parental warmth (E1) 
Responsive parenting (E2) 
Warm-responsive (E1+E2=E3) 
Outcome 
Internalizing behaviour (B1) 
Externalizing behaviour (B2) 
Total behaviour (B1+B2=B3) 
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developmental principle, or scientific paradigm (Kuhn 2012), there may be a tendency to accept 
weak evidence that confirms what is presumed to be true (formally known as confirmation bias; 
Nickerson 1998). That is, interactions are accepted as evidence, even if they come from low 
powered designs and sporadically vary in direction, because they do not challenge what is assumed 
to be true. 
Although accepting low-quality evidence for interactions may not re-write developmental 
paradigms, there is a risk that an accumulation of low quality evidence may mislead ongoing 
funding decisions and research enterprise (Dick et al. 2015; Freedman et al. 2015; Munafò et al. 
2017). Specifically, when interactions produce unanticipated results (e.g., two-way contrastive 
effects; Slagt et al. 2018; Stocker et al. 2017) these results are dismissed given the impracticality of 
an interpretation. However, by accepting inconsistent, yet explainable evidence the research field 
may undertake research that is not replicable and of little empirical value. For example, Luijk et al. 
(2011) and Roisman et al. (2013) investigated the association between genetic-polymorphisms and 
infant attachment security based on initial findings from small, low-powered studies. Their 
comparatively larger power revealed the initial effects to be trivial and thus absent of empirical 
utility. It is in the interests of the research community, and those in policy and practice who take up 
these results, to accumulate consistent and high quality evidence.  
In summary, researchers should be more critical of research findings when evidence is inconsistent 
and sporadic. Accepting that low power from non-optimal design and measurement is one reason 
interaction effects are ubiquitous in nature, [yet] so difficult to detect (Ellis et al. 2011; McClelland 
& Judd 1993; Mitchell et al. 2013; Wachs & Plomin 1991) the onus is on researchers to increase the 
burden-of-proof. High quality and consistent evidence that confirms, or refutes, evidence for 
individual × environment interactions (LeBel et al. 2018; Nosek et al. 2015) is required. This 
necessitates attention to design, measurement, analytic consistency, and analytic results. 
6.4 Conclusion 
This chapter has outlined seven approaches future research may be able to implement as a means of 
improving the consistency and quality of evidence for individual × environment interactions: using 
more optimum design, improving measurement, using more causal designs, using simulation 
studies to understand implications of design, using existing guidelines for evaluating interactions, 
systematically exploring analytical choices, and critically assessing and accurately portraying 
results. Chapter 7 concludes the thesis by summarizing the results and outlining implications for 
policy and practice. 
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Chapter 7: Integrative discussion 
7.1 Summary of motivation and aims of thesis 
Extensive evidence documents that individuals, both human and non-human, exhibit differences in 
response to the same experience and, further, that these experiences can shape ongoing differences 
in response (Aron et al. 2012; Boyce 2016; Ellis et al. 2011). In developmental science, such 
evidence has given rise to individual × environment models that hypothesise that individual child 
characteristics moderate the effects of early experiences on developmental outcomes. However, 
testing of individual × environment models of development has yielded disappointingly 
inconsistent results showing extensive variation within and between studies (Rabinowitz & Drabick 
2017). This variation relates to the presence or absence of a moderating effect, and, if present, the 
nature of that moderating effect. Across and within studies there is evidence for the predictions of 
the three dominant individual × environment theoretical models: diathesis stress (Zuckerman 1991), 
differential susceptibility (Belsky 1997; Ellis et al. 2011), and vantage sensitivity (Pluess & Belsky 
2013). However, the evidence is sporadic. The aim of this thesis was to ask “Why?” and investigate 
possible methodological explanations. 
This thesis sought to understand the gap between sound, biologically-based theoretical models and 
weak and inconsistent empirical evidence in the study of child development. Specifically, the thesis 
systematically explored existing and new evidence for child characteristics moderating the effects 
of parenting on behavioural development to identify measurement, design and analytic factors 
systematically associated with support for the theoretical models. The underlying hypothesis was 
that complexity in child development, alongside the infeasibility of controlling for multiple sources 
of variation in research studies may explain the unexpected gap. The aim was to test this hypothesis 
through intense systematic analysis. 
At twofold approach was taken in addressing this aim. First, systematic review and analysis of the 
literature was undertaken (Chapters 2 and 3). The literature review examined variation in theory-
testing focused on measurement and analytic approaches. A range of genetic, biological, and 
observational measures of child characteristics have been applied in the empirical literature to 
define child characteristics. Parenting and behavioural outcomes have also operationalised by 
employing a range of different measures. Second, empirical analyses that systematically tested 
measurement and analytic variation within and across studies (Chapters 4 and 5) were undertaken. 
The substantive focus was the role of child characteristics in moderating the association of 
parenting environment and child behavioural development. Empirical analysis of the Longitudinal 
Study of Australian Children, presented in Chapter 4, investigated how childhood temperament 
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moderated the effects of parenting on parent and teacher reported behavioural development across 
ages 4 to 8. This analysis included a systematic exploration of 512 model specifications. This 
systematic analysis was extended in Chapter 5 in further analysis of the Longitudinal Study of 
Australian Children. Specifically, measurement of temperament in childhood was substituted with 
measurement in infancy, theoretically a less environmentally contaminated measure of genetic 
predisposition (Bornstein et al. 2019). Additionally, through comparison with the Family Life 
Project (United States of America) systematic evaluation of analytical variations were examined. 
These included child age at assessment; form and extent of temperament assessment (short vs full-
item); self-reported parenting compared to observed parenting; and frequency-distribution and 
ranges of behaviour and parenting data. The empirical findings, reflecting those in the literature 
review, found sporadic and inconsistent outcomes. 
The following discussion presents a summary of key outcomes, directions, and recommendations 
for future research, and implications of current research for application in child, family, and 
educational policy and practice. 
7.2 Summary of key findings 
Systematic analysis of the current literature: Chapter 2 and 3 reviewed studies that have applied 
individual × environment methodology to understand how child characteristics moderate the effects 
of parenting on behavioural development. The review of the literature quantified the measurement 
and statistical methodology associated with findings consistent with diathesis stress, differential 
susceptibility and vantage sensitivity. The systematic review in Chapter 3 examined 542 individual 
× parenting interactions and 86 (16%) were described as statistically reliable. However, within- and 
between-studies, these reliable interactions inconsistently supported different theoretical models 
and sporadically varied with measures of parenting, behaviour, and individual characteristics. This 
inconsistency within and between extant studies directed empirical investigation. The investigation 
involved systematic selection and testing of measures in individual × parenting interactions to 
identify robust areas of evidence and sources of variation. 
Systematic empirical analyses: Chapters 4 and 5 thus presented sequential empirical analyses of two 
longitudinal cohort studies to systematically evaluate multiple analytical choices with the aim of 
identifying consistent evidence of temperament × parenting interactions predicting behavioural 
development. In an analysis of the Longitudinal Study of Australian Children, 13 (2.5%) of 512 
interactions were statistically reliable. In further analysis of the Longitudinal Study of Australian 
Children and comparison with the Family Life Project, two (3%) of 64, and none (0%) of 1620 
interactions were statistically reliable. These few interactions were very sporadic and inconsistent 
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across measures of behaviour, temperament, and parenting. As such, the systematic empirical 
analyses indicate that systematic changes to the reporting source (parents and teachers), the measure 
of behaviour and parenting, the method of measuring parenting (observation and survey), child age 
at assessment, and the measure of temperament do not improve the identification of consistent 
interactions. The systematic empirical exploration demonstrated the importance of analytical 
decisions and testing the consistency and validity of moderating effects. 
7.2.1 Key outcomes 
The thesis identifies that; 
1) The evidence for individual × parenting and temperament × parenting interactions 
predicting behavioural development is sporadic and inconsistent. 
2) Systematic changes to measures of behaviour, temperament, and parenting may not achieve 
more consistent evidence for interactions. 
3) Detailed exploration of analytical choices is needed to establish the consistency of 
interactions. 
In combination, the three outcomes converge on the conclusion that if the past approach to 
individual × parenting interactions remains the future approach, researchers are unlikely to find 
more consistent evidence.  
7.3 Implications for research 
To increase the consistency and quality of evidence for individual environment interactions 
researchers will need to change their practices. Seven suggested improvements for research were 
outlined in Chapter 6. These include using more optimum design, improving measurement, using 
more causal designs, using simulation studies to understand implications of design, using existing 
guidelines for evaluating interactions, systematically exploring analytical choices, and critically 
assessing and accurately portraying results. Researchers are more likely to find consistent evidence 
if they can improve the quality of design, measurement, and analysis.  
7.4 Implications for policy and practice 
For parents, professionals working with children, and policymakers a fundamental question in 
supporting children’s development relates to the allocation of the finite resources of time, effort, 
and money. Parents, in making decisions about whether to engage in paid work in the early years of 
their child’s life, for example, must assess the relative impact of family income against the 
experiences that can be provided for their child in home and childcare settings. Policymakers, 
similarly, must judge whether to provide targeted provisions for those who stand to gain most or 
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provision broad reaching universal services that avert the potential for stigma (Diderichsen et al. 
2019). More recently, the acknowledgement that the same environments are experienced differently 
by individual children (Boyce 2016) has moved focus in design and translation of developmental 
science from asking “what works?” to asking ‘what works for whom?” (Belsky & van IJzendoorn 
2015). Such approaches present the opportunity for more accurate targeting of resources 
(Bakermans-Kranenburg & Van Ijzendoorn 2015; Velderman et al. 2006) or , alternatively, an 
approach in which children who are more reactive to environment function as barometers of 
environmental quality for all children (Davis et al. 2012). The finding of this thesis, however, 
suggest that the evidence is yet to deliver these applications. Individual × environment interaction 
models to assess outcome effects have failed to provide sufficiently robust evidence to identify a 
broadly applicable theory and have, instead, directed attention to pragmatic approaches in which 
individual response to environments, or manipulations of environments (interventions) are directly 
observed and adjusted to meet individual need. 
Applying pragmatic approaches, three key lessons and implications for application emerge from the 
current status of empirical research. These relate to exposure to the environment, individualised 
effect of the environment, and evaluation and adjustment of the environment; 
1. Exposure: Individual × environment models powerfully show that children are active agents 
in their exposure to environments, whether directly or through the mechanism of parent choice. 
They highlight that individual characteristics not only influence the environment (Kiff et al. 2011), 
but can direct the type of environments an individual self-selects into (Plomin & Bergeman 1991; 
Wiggins et al. 2014). While family and social characteristics influence the quality of developmental 
experience, so too does the preferences and behaviours of a child. Davis (2014), for example, 
reports that children with more difficult temperament enter early education and care later then less 
difficult counterparts, but are placed in higher quality provision. Such decisions relate to family 
capacity for choice, but also the individual child’s characteristics and parent understanding of child 
need. These findings direct attention to understanding not only type of exposure, but whether there 
are thresholds of exposure that are required to support positive outcomes (Early Child Care 
Research Network 2003; Howes et al. 1992). Interventions, whether at an individual (e.g. clinical 
intervention), group (targeted policies), or whole population level need to consider thresholds of 
exposure as well as type. Such considerations have already been voiced in the field of public health 
(Diderichsen et al. 2019). 
2. Effect: Individual × environment models have been powerful in demonstrating that not all 
people encounter an environment in the same way (Boyce 2016). In the absence of pure measures 
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of ‘sensitivity’, ‘reactivity’, or ‘vulnerability’ to the environment new bottom-up, insitu measures 
are emerging that focus on the child in environmental contexts (Greven et al. 2019). For example, 
the Individualized Classroom Assessment Scoring System (inCLASS) is an observational measure 
of the child within the early education and care environment that aims to understand the child’s 
individual experience of early education (Downer et al. 2010). Similarly, Slagt et al. (2019), instead 
of pre-defining a measure of reactivity, assessed and defined child reactivity to parenting though 
direct observation of individual difference in parent-child interaction. Such insitu measurement 
approaches may well deliver improved understanding of effective practice for children. That is, 
understanding specific effects for specific children for specific reasons can guide practice to better 
meet the needs of the individual (Moore & Depue 2016). 
3. Environmental adjustment and evaluation: The evidence base for individual × environment 
models highlights the need for pragmatic approaches where practitioners and policy-makers 
recognise individual differences in response to the environment and attend not only to average 
outcomes, but to individual response profiles (DeRubeis et al. 2014). This is akin to clinical cycles 
where interventions are applied, individual responses are observed, and the clinician learns and 
adjusts the intervention to meet the needs of the individual (Shimokawa et al. 2010; Spring 2007). 
By continually learning, and adjusting to, the needs of individual children (e.g., responsive 
parenting; Landry et al. 2006), more equitable care may be provided to support positive 
developmental (Fuchs & Fuchs 2019; Kristal 2005). 
In summary, although the evidence for individual × environment models falls short of definitive 
policy and practice guidance, it demonstrates the importance of understanding and working with 
individual differences. Pragmatic, bottom-up approaches to understand how individuals respond 
differently to developmental experiences represents a foundational point for policy and practice 
while efforts to deliver robust, top-down evidence proceed. 
7.5 Concluding statement 
This thesis systematically reviewed and empirically tested evidence for individual × environment 
interaction effects and theoretical models. The specific context was individual child characteristics, 
including temperament, moderating the effects of parenting on behavioural development in 
childhood. The thesis demonstrated that evidence for individual × parenting interactions is 
inconsistent and sporadic. Systematically exploring analytical decisions and the myriad of 
measurements did not illuminate consistency or clarify differential findings. Instead, the thesis 
suggested that a variety of ‘moving parts’ coupled with non-optimum design and low quality 
measurement has hindered the evaluation of individual × parenting interaction effects. Future 
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research should ensure use of more optimum and causal designs, undertake simulation studies to 
understand implications of design, have measurements with low error and sufficient variability, use 
established statistical criteria to evaluate interactions, systematically explore analytical decisions to 
ensure robustness, and critically evaluate research findings that are inconsistent, sporadic, and use 
low powered, non-optimum samples. Researchers have long proposed individual characteristics 
interact with the environment to cause differential child outcomes. Well-designed evaluation of 
individual × environment interactions can light the way to understanding what works, and what 
works for whom. 
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Appendix A: Supplementary descriptive statistics for Chapter 4 
Table A.1 presents the average, standard deviation, Hedges’ G effect size (Hedge 1981) comparison of included to excluded children in Chapter 4 
where positive numbers mean the excluded children scored higher and Cronbach’s alpha where relevant for all variables included in the model.  
Table A.1: Summary statistics for variables analysed in Chapter 4 by child age. For categorical variables, averages are frequencies and Hedges’ G (Hs’ 
G) is the percent difference. T refers to teacher reported information, all other is parent report. A positive Hedges’ G indicates the excluded sample was 
higher for that measurement. 
Child age Age 4 Age 6 Age 8 
 Mean SD α Hs’ G Mean SD α Hs’ G Mean SD α Hs’ G 
Parental warmth 87.53 11.5 0.88 -0.02 88.61 12.12 0.89 -0.10 86.02 13.18 0.89 -0.05 
Harsh parenting 22.98 12.04 0.65 0.16 22.88 12.36 0.67 0.06 23.35 12.62 0.68 0.10 
Difficult 38.09 11.72 0.71 0.22 33.47 11.81 0.71 0.13     
Introversion 43.8 21.98 0.81 -0.05 37.92 21.3 0.79 -0.23     
Reactivity 29.83 16.3 0.67 0.27 24.46 16.33 0.67 0.39     
Unpersistence 40.65 16.48 0.78 0.35 38.02 17.36 0.79 0.17     
Conduct problems 1.94 1.69 0.66 0.10 1.27 1.3 0.53 0.13 1.06 1.27 0.56 0.12 
Hyperactivity 2.98 1.94 0.70 0.11 3.1 2.15 0.76 0.13 3.02 2.27 0.77 0.15 
Externalizing 4.92 3.06 0.75 0.15 4.37 2.99 0.76 0.19 4.08 3.07 0.77 0.21 
Emotional difficulties 3.29 1.35 0.52 0.07 3.51 1.54 0.59 0.03 3.56 1.67 0.64 0.04 
Peer problems 1.12 1.26 0.48 0.21 1.07 1.3 0.53 0.13 1.11 1.34 0.55 0.20 
Internalizing 4.41 2.12 0.60 0.21 4.58 2.31 0.65 0.12 4.66 2.46 0.67 0.18 
Externalizing and 
internalizing 9.33 4.13 0.74 0.26 8.95 4.28 0.76 0.25 8.74 4.51 0.78 0.30 
Pro-social 7.85 1.67 0.66 -0.05 8.58 1.57 0.67 -0.13 8.69 1.53 0.67 -0.12 
T Conduct problems 0.84 1.55 0.78 0.13 0.64 1.28 0.72 0.08 0.64 1.33 0.74 0.13 
T Hyperactivity 1.96 2.21 0.83 0.28 2.45 2.54 0.86 0.26 2.37 2.64 0.87 0.24 
T Externalizing 2.8 3.33 0.86 0.31 3.09 3.42 0.85 0.27 3.01 3.58 0.87 0.27 
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Table A.1 continued: Summary statistics for variables by child age. Summary statistics for variables by child age. For categorical 
variables, averages are frequencies and Hedges’ G (Hs’ G) is the percent difference. T refers to teacher reported information, all 
other is parent report. A positive Hedges’ G indicates the excluded sample was higher for that measurement. 
Child age Age 4 Age 6 Age 8 
 Mean SD α Hs’ G Mean SD α Hs’ G Mean SD α Hs’ G 
T Emotional 
difficulties 2.83 1.38 0.67 0.14 3.09 1.61 0.73 0.06 3.1 1.73 0.77 0.02 
T Peer problems 1.19 1.53 0.61 0.13 0.92 1.33 0.58 0.22 1.09 1.54 0.64 0.10 
T Internalizing 4.02 2.43 0.72 0.20 4.01 2.43 0.73 0.22 4.19 2.78 0.78 0.08 
T Externalizing and 
internalizing 6.82 4.71 0.83 0.39 7.1 4.8 0.84 0.38 7.21 5.24 0.86 0.27 
T Pro-social 7.6 2.11 0.81 -0.20 8 2.07 0.81 -0.26 8.01 2.08 0.81 -0.11 
% Children female 0.52   -0.05         
% Indigenous children 0.02   0.02         
% Development delay 0.02   0.04         
% Hear, sight, speech 0.21   0.06         
% Physical 0.03   0.03         
% Other condition 0.12   0.02         
Maternal depression 12.37 12.81 0.81 0.1 11.32 12.32 0.82 0.34 10.62 12.23 0.82 0.43 
SLE 0.93 1.28  0.01 1.4 1.53  0.02 1.4 1.74  0.05 
HLE 56.7 17.66 0.70 -0.17 47.98 16.72 0.66 -0.16 38.22 16.13 0.63 -0.04 
Education year 11 0.19   -0.05         
Education year 12 0.38   -0.09         
Education university 0.43   -0.1         
SEIFA 1018.98 72.69  -0.83 1019.09 74.76  -0.67 1021.29 70.01  -1.09 
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Appendix B: Supplementary descriptive statistics for Chapter 5 
Table B.1 (Longitudinal Study of Australian Children) and Table B.2 (Family Life Project) presents the average, standard deviation, Hedges’ G effect 
size (Hedge 1981) comparison of included to excluded children from Chapter 5 where positive numbers mean the included children scored higher, 
Cronbach’s alpha where relevant, and the mean and standard deviation of imputed data for all variables included in the model.  
Table B.1: Summary statistics for the Longitudinal Study of Australian Children variables from Chapter 5. For categorical variables, averages are 
proportions and Hedges’ G (Hs’ G) is the percent difference. # values from imputed data set with pro-social as the outcome and non-approach, un-
cooperation, and irritability as temperament parameters, except * which was the same model data but with difficult temperament. A positive Hedges’ G 
indicates the included sample was higher for that measurement. 
 Included sample Excluded sample Imputed sample# 
 Mean SD n α Mean SD n Hs’ G Imputed mean 
Imputed 
SD 
Parental warmth 90.4 10.39 3448 0.846 89.32 11.4 1000 0.10 90.39 10.39 
Hostile parenting 23.28 14.39 2930 0.846 23.02 15.02 552 0.02 23.42 14.43 
Irritability 29.82 16.09 3231 0.57 30.44 17.38 1002 -0.04 29.79 16.11 
Un-cooperative 36.55 17.51 3235 0.655 37.09 18.11 1017 -0.03 36.53 17.54 
Non-approach 24.97 16.53 3200 0.73 26.79 17.84 992 -0.11 24.94 16.54 
Difficult 30.42 12.22 3145 0.744 31.31 12.76 954 -0.07 30.43* 12.24 
Conduct problems 2.13 1.78 3602 0.67 2.38 1.8 175 -0.14   
Hyperactivity 3.25 2.08 3602 0.726 3.44 1.94 157 -0.09   
Externalizing 5.39 3.28 3602 0.772 5.88 3.26 126 -0.15   
Emotional 
difficulties 3.4 1.48 3602 0.563 3.76 1.72 195 -0.24   
Peer problems 1.36 1.46 3602 0.535 1.68 1.48 193 -0.22   
Internalizing 4.76 2.42 3602 0.651 5.51 2.49 169 -0.31   
Total externalizing 
and internalizing 10.15 4.68 3602 0.779 11.52 4.78 87 -0.29   
Pro-social 7.71 1.76 3584 0.685 7.59 1.8 208 0.07 7.71 1.76 
Parental depression 13.99 13.68 3242 0.819 16.5 16.32 1014 -0.17 14.05 13.73 
Stressful life events 9.25 10.23 3180 0.495 10.63 11.64 967 -0.13 9.39 10.3 
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Table B.1 continued 
 Included sample Excluded sample Imputed sample# 
 Mean SD n α Mean SD n Hs’ G Imputed mean 
Imputed 
SD 
Financial hardship 7.33 14.84 3590 0.623 12.34 19.28 1487 -0.31 7.34 14.85 
Child age at 9 month 
sample (years) 0.77 0.21 3602  0.77 0.22 1505 -0.004   
Proportion male 
children 0.51  3602  0.51  1505 0.00   
Proportion 
Indigenous children 0.03  3602  0.08  1505 -0.05   
Proportion 
development delay 0.01  3602  0.02  1505 -0.01   
Proportion hear, 
sight, speech 0.02  3602  0.03  1505 -0.01   
Proportion physical 
disability 0.005  3602  0.006  1505 -0.001   
Parent age at 9 
month sample 
(years) 
32.02 5.16 3602  30.31 6.05 1501 0.31   
Proportion 
education year 11 0.25  3602  0.4  1496 0.15   
Proportion 
education year 12 0.39  3602  0.35  1496 0.04   
Proportion 
education university 0.36  3602  0.25  1496 0.11   
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Table B.2: Summary statistics for Family Life Project analytical variables from Chapter 5. For categorical variables, averages are proportions and 
Hedges’ G (Hs’ G) is the percent difference. # values from imputed data set with social competence as the outcome, sensitivity, stimulation, positive 
regard, animation, detachment, negative regard, and intrusiveness as parenting parameters, and distress to limitations, fear, falling reactivity, approach, 
and orienting as temperament parameters, except ** which was the same model data but with negative effect for temperament, and * which used 
sensitive and negative-intrusive parenting. Age specific variables used for parenting, whilst all others use 15 to 24 month parenting average. A positive 
Hedges’ G indicates the included sample was higher for that measurement. 
 Included sample Excluded sample Imputed sample# 
 Mean SD n α Mean SD n Hs’ G Imputed 
mean 
Imputed 
SD 
15 months           
Sensitivity 44.57 24.55 973  35.75a 20.32 93 0.37 43.38 21.13 
Stimulation 40.15 24.61 973  29.84a 22.5 93 0.37 39.06 25.42 
Positive regard 47.6 24.96 973  38.71a 22.88 93 0.35 47.06 24.1 
Animation 46.73 21.83 973  37.9a 24.06 93 0.24 43.43 23.61 
Detachment 39.31 25.12 973  52.96a 25.5 93 -0.25 46.87 24.5 
Sensitive parenting 47.95 20.24 973 0.896 37.85a 19.24 93 0.37 45.28* 19.92 
Negative regard 22.2 24.04 973  47.85a 20.07 93 -0.17 18.69 21.28 
Intrusiveness 46.8 24.63 973  18.55a 20.49 93 0.00 44.41 20.15 
Negative-intrusive 34.5 21.77 973 0.571 33.2a 16.54 93 -0.10 31.48* 17.27 
24 months           
Sensitivity 43.44 21.04 976  36.46a 20.11 64 0.33 44.26 24.62 
Stimulation 39.09 25.37 976  34.11a 22.7 64 0.25 39.75 24.73 
Positive regard 47.16 24.05 976  38.8a 24.32 64 0.35 47.21 25.04 
Animation 43.47 23.48 976  40.63a 19.89 64 0.28 46.31 21.91 
Detachment 46.77 24.44 976  48.96a 21.8 64 -0.39 47.95 20.24 
Sensitive parenting 45.28 19.92 976 0.891 40.21a 17.3 64 0.39 22.34* 24.1 
Negative regard 44.42 20.05 976  28.13a 29.08 64 -0.24 47 24.71 
Intrusiveness 18.55 21.23 976  55.47a 24.68 64 -0.35 34.5 21.77 
Negative-intrusive 31.48 17.27 976 0.751 41.8a 23.31 64 -0.33 44.26* 24.62 
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Table B.2 continued: 
 Included sample Excluded sample Imputed sample# 
 Mean SD n α Mean SD n Hs’ G Imputed mean 
Imputed 
SD 
Average of 15 and 24 months          
Sensitivity 43.89 20.21 1048  36.35b 18.66 98 0.38 43.78 20.22 
Stimulation 39.62 22.35 1048  32.4b 21.23 98 0.32 39.49 22.37 
Positive regard 47.14 21.59 1048  39.16b 21.81 98 0.37 47.02 21.59 
Animation 44.44 20.83 1048  38.78b 21.65 98 0.27 44.26 20.84 
Detachment 43.46 21.56 1048  51.53b 23.42 98 -0.37 43.58 21.58 
Sensitive parenting 46.33 18.36 1048 0.913 39.03b 18.12 98 0.40 46.33* 18.36 
Negative regard 21.1 19.11 1048  22.32b 21.63 98 -0.06 21.12 19.17 
Intrusiveness 45.87 19.34 1048  50b 18.39 98 -0.21 45.94 19.36 
Negative-intrusive 33.49 16.87 1048 0.702 36.16b 17.03 98 -0.16 33.49* 16.87 
Distress to 
limitations 40.91 13.23 1014 0.77 41.19 14.31 166 -0.02 40.95 13.25 
Fear 30.01 16.54 977 0.888 47.33 17.51 166 -1.04 30.08 16.47 
Falling reactivity 70.33 15.27 1003 0.526 68.6 14.73 167 0.11 70.19 15.28 
Approach 71.4 14.99 1011 0.846 69.69 16.06 165 0.11 33.57 11.11 
Orienting 44.43 16.05 1001 0.816 44.8 17.18 163 -0.02 71.25 15.07 
Negative affect 33.57 11.11 1009 0.874 34.35 11.7 167 -0.07 44.3** 16.11 
Conduct problems 3.17 2.09 1093 0.679   0    
Hyperactivity 4.66 2.18 1093 0.696   0    
Externalizing 7.82 3.73 1093 0.783   0    
Emotional 
difficulties 2.25 1.71 1093 0.503   0    
Peer problems 1.64 1.77 1093 0.661   0    
Internalizing 3.89 2.94 1093 0.698   0    
Total externalizing 
and internalizing 11.72 5.78 1093 0.821   0    
Pro-social 6.44 1.97 1093 0.673   0    
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Table B.2 continued:          
 Included sample Excluded sample Imputed sample# 
 Mean SD n α Mean SD n Hs’ G Imputed mean 
Imputed 
SD 
Emotional 
competence 2.5 0.66 1092 0.864 2.58 0.54 9 -0.11 2.5 0.66 
Social competence 2.16 0.59 1093 0.86 2.43 0.57 8 -0.45 2.16 0.59 
Parental brief 
symptom inventory 8.15 9.14 1067 
0.859c/ 
0.886d 7.58
e 9.74 199 0.06 8.19 9.17 
Stressful life events 3.77 4.43 1052 0.734 3.57 4.75 199 0.04 3.76 4.43 
Income-to-needs-
ratio 11.13 10.43 1064  9.86 8.14 140 0.12 11.1 10.42 
Home learning 
environment 77.31 21.29 1017 0.775 70.91
f 27.11 140 0.29 77 21.36 
Child age at 6 
month sample 
(months)g 
7.72 1.48 1093  7.86 1.56 140 -0.09   
Proportion male 
children 0.496  1093  0.600  140 -0.104   
Proportion black 
children 0.437  1093  0.387  199 0.05   
Parent age at 2 
month sample; 
years (centred at 
mean) 
26.37 
(0.00) 
6.53 
(6.53) 1079  25.36
e 5.63 199 0.16 (-0.02) (6.53) 
Notes. a Primary parent at each age. b Unclear identity of parent across time period to calculate accurate average.  
c 2 months. d 6 months. e Only primary parent at 2 month sample if there was no Strengths and Difficulties data for the 
child at 35 months. f One observation available for each child, primary or secondary parent may have been present for 
missing data only. g Or age at 2 month sample plus 4 months. 
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